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A MATHEMATICAL THEORY OF EQUILIBRIUM WITH 
APPLICATIONS TO MINIMAL SURFACE THEORY’ 


By Professor MARSTON MORSE 
INSTITUTE FOR ADVANCED STUDY, PRINCETON, N. J. 


THE theory of equilibrium points or eritical points 
of functions appears in fragmentary form in the work 
of Poinearé, Maxwell and Kronecker. Birkhoff intro- 
duced the minimax principle and applied it in dy- 
namies. A systematic study of the critical points of 
functions of m-variables was begun by the author in 
1922. .A. B. Brown made important contributions. 
In 1924 the caleulus of variations in the large was 
introduced and developed as an extension of the theory 
of critical points of n-variables. The integrals used 
were ordinary and were regarded as functions of the 
curves along which they were evaluated. 


‘ Address of the retiring vice-president and chairman 
of the Seetion on Mathematics of the American Associa- 
tion for the Advancement of Science, Philadelphia, De- 
cember 27, 1940. 


In 1937 the theory was put on a more general basis 
with the function defined on an abstract metrie space. 
For details the reader may refer to the author’s 
fascicule on “Functional Topology and Abstract Vari- 
ational Theory,” published by Gauthier- Villars, Paris. 
In this general theory one is free from any limitation 
of dimension. It is immaterial whether the indepen- 
dent variable is a point in a Euclidean space, a curve, 
a surface or a more general configuration. A critical 
point of a function of n-variables is a point at which 
all the partial derivatives vanish. When the function 
is an integral in the caleulus of variations—for ex- 
ample, the integral of length on a surface or the area 
of a surface bounded by a curve—a critical point 
(curve or surface) is one satisfying the Euler-La- 
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grange equations. The unification which appears in 
the general theory is made possible by a topological 
definition of a critical point, a definition which is in- 
dependent of the particular case at hand. 

The years 1929-1936 saw a rapid development of 
the theory in the large of integrals depending on a 
curve. There remained the multiple integrals which 
are so important in mathematical physics. A typical 
integral is the Dirichlet integral d(x), the double 
integral over a plane region of the sum of the squares 
of the partial derivatives of x(u, v). For our pur- 
poses we need the Douglas extension of the Dirichlet 
integral to a surface. 2;=<2; (u, v) i=1, 2, 3. This 
integral is denoted by D(x) and defined as one half 
the sum d(xz,)+d(x,)+d(a,). The critical surfaces 
here are termed minimal surfaces. They are surfaces 
which locally have the shape of a soap film. At all 
ordinary points p of such a surface the two centers 
of curvature lie on opposite sides of the t+ ngent plane 
at p and at the same distance from this plane. 

The integral D(x) is as typical an integral as one 
could hope to find, but the difficulties in treating it 
were very great. It was necessary to verify the con- 
ditions of the general abstract theory in order to apply 
that theory. This was accomplished independently by 
Morse and Tompkins and by Shiffman in papers ap- 
pearing in 1939-40 in the Annals of Mathematics. 
Morse and Tompkins made use of the thesis by 
Lebesgue and of the work of Douglas and Rado on 
the minimum problem: Shiffman made use of the 
papers of Courant. 

The case of surfaces bounded by a single closed 
curve without self-intersection was first treated. The 
surfaces for which D(x) is evaluated are defined for 
parameters (u, v) which range over a unit dise 
u2+v?S1. Thus they are “topologically of the dise 
type.” When one turns to surfaces bounded by sev- 
eral contours the minimum problem has been treated 
by Douglas, Courant and Shiffman in a number of 
papers. The difficult theory of unstable minimal 
surfaces bounded by several contours has been studied 
by Morse and Tompkins in a paper which will be pub- 
lished shortly. An abstract of this paper will appear 
in the December number of the “Proceedings” of the 
National Academy, where references to other recent 
papers may be found. Shiffman has also completed 
an independent paper on the case of several contours, 
and this paper will presently be published. I under- 


stand from a brief verbal account of his work by. 


Shiffman that the treatment by Morse and Tompkins 
differs radically in the choice of the independent 
variables. 

This difference may be described as follows. The 
surfaces on which the integral D(a) is evaluated are 
harmonic surfaces, that is, surfaces x; =a; (u, v) such 
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that x; (uw, v) satisfies the Laplace equation for each j, 
No generality is thereby lost because it is known that 
minimal surfaces are a sub-class of harmonic surfaces, 
in fact, harmonie surfaces on which the parameters 
(u, v) form an isothermal net. Let (r, 6) be polar 
coordinates in the (u, v) plane. -In the ease of 
single boundary g the harmonic function 2; (u, v) is 
completely determined by its values p; (6) on the 
circle r=1. But the only surfaces admitted are those 
bounded by g. Thus 2;=p; (9) is a representation 
of g. Different representations of g will give differ. 
ent harmonic surfaces. We use only those represen- 
tations of g which are obtained from a one-to-one 
representation of g by a continuous monotone trans- 
formation of the cirele r=1. These representations 
(p) of g determine the harmonic surface and hence 
D(x), so that we may write D(x) as a function A(p) 
of the representation (p). This is the point of view 
of Douglas in his minimum theory. 

When one has several contours, say two contours 
g, and go, the unit cirele in the (u, v) plane is nat- 
urally replaced by a corresponding number of closed 
plane curves. Suppose, for example, there are two 
non-intersecting closed curves bounding a region S in 
the (u, v) plane. It is known that any such region 
S can be conformally mapped onto a ring R bounded 
by two concenirie circles, the ratio p of the radii of 
the two circles being determined by S. The harmonic 
surfaces admitted will be defined for (u, v) on R. 
We may suppose that g, has a representation 2;= 
p; (9) in terms of the angular coordinate 6 of a point 
on the outer circular boundary of R. The curve g, is 
similarly represented on the inner boundary of R. 
The integral D(x) taken over R will be a function 
of the above representation of g, and g. and of P. 

But difficulty arises due to the fact that as we vary 
the representations (p) the functions may converge 
in the mean to functions which are identically con- 
stant (termed degenerate). If one should restrict 
our representations (p) of a curve g on a circle C to 
those which make three fixed and distinct points of g 
correspond to three fixed and distinet points of C this 
convergence to degenerate functions would not occur. 
We term such representations restricted. Such a re- 
striction of our representations is net possible if there 
are two or more contours because some of the minimal 
surfaces sought might thereby be excluded. The diff- 
culty is greatly eased by Morse and Tompkins by a 
new choice of the independent variables as follows. 

By a Mobius transformation of a cirele C into itself 
is meant the transformation 0’ =t (6) induced on C by 
a classical Mébius (directly conformal 1-1) transfor- 
mation of the corresponding circular dise into itself. 
A restricted representation p; (9) of a boundary curve 
g on a circle C, if preceded by a Mobius transforma- 
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tion t(6) of C, will yield a general representation 
p; (t(8)] of g. This representation is formally writ- 
ten pt and termed a product representation. Morse 
and Tompkins use these product representations when- 
ever there is more than one contour. One advantage 
lies in the fact that the restricted representations con- 
verge for bounded D only to restricted representa- 


| tions, while the Mobius transformations converge in a 


simple manner to Mobius transformations or degen- 


MM orate transformations regardless of whether D is 


bounded or not., Another advantage is that D, re- 
garded as a function of these restricted and Mobius 
transformations and of the ratio p depends continu- 
ously on the Mébius transformations and Pp. 

With these new variables the definition of the in- 
tegral D can be extended by a unique limiting process 
to the eases where P=0 or where one or more of the 
Mobius transformations are degenerate. The result- 
ing function of these new variables is shown to satisfy 
the conditions of the general theory, which may then 
be applied. 

We shall give a typical theorem, using conditions 
somewhat less general than those which will appear 
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in our paper, in particular not introducing the “chord 
are condition.” 

THEOREM. Let g, and g, be two simple closed curves 
with continuously turning tangents. Suppose that g, and 
g, are separated by a plane and have convex projections 
on suitably chosen planes. If g, and g, bound a ring 
type minimal surface of minimum type they also bound 
a ring minimal surface of non-minimum or unsiable type. 


The conditions of the second sentence of the theorem 
ean be considerably lightened. The theorem may be 
illustrated by a classical example in which the boun- 
daries are two circles with centers on a common axis 
and planes orthogonal to this axis. If the planes of 
these circles are near enough together the circles bound 
two minimal surfaces of revolution generated by cate- 
naries. One of these surfaces is of minimum type and 
the other of non-minimum type. 

We have not gone into great technical detail in our 
paper. We have rather presented general fundamen- 
tal ideas by way of typical examples. 

These ideas and examples we believe may be a pre- 
lude to far-reaching applications both in mathematies 
and in mathematical physics. 


TECHNICAL PROGRESS IN AVIATION’ 


By Dr. J.C. HUNSAKER 
THE MASSACHUSETTS INSTITUTE OF TECHNOLOGY 


THE increasing importance of the airplane in our 
normal social and economic life is just now over- 
shadowed by its dominant part in our national secur- 
ity. When recent advances in the aeronautical sci- 
ences are being tested on a grand scale in the prov- 
ing ground of war, we naturally lose interest in the 
possibilities of those same advances in applied science 
as they might assist our peace-time communications. 
If we hope to live in a kind of world in which indi- 
vidual living is worth while, our thought must be 
focused on the airplane as an instrument of air power; 
destructive or protective. 

That important technical progress has been made in 
the development of the airplane is obvious from the 
reports of dive bombings, night bombings and aerial 
torpedo attacks on the one hand, and from reports 
of effective defensive action by fast fighting planes 
on the other hand. Guns, armor, radio, fuels, mete- 
orology, metallurgy and photography are also con- 
tributing through technical advances to the effective- 
hess of the airplane in war. Attack and defense for 
colossal stakes stimulate development in every branch 
of applied seience. 

Technical progress in the development of the air- 
plane as a vehicle of the air has been especially marked 


‘ Address of the retiring vice-president and chairman 
of the Seetion on Engineering of the American Associa- 
tion for the Advancement of Science, Philadelphia, De- 
cember 31, 1940, 


in the past ten years. Some steps in this progress 
have been abrupt, because they were the consequence 
of inventions. True inventions are unpredictable, but 
it is our experience that when new knowledge obtained 
by research and experiment becomes generally known, 
the invention necessary for its practical application 
soon follows. Whether the invention can then be ap- 
plied by designers to realize a technical improvement 
in the airplane depends on whether the state of the 
art is ripe for it. 

For example, the aerodynamic advantages of an un- 
braced monoplane wing were demonstrated by Fokker 
in the days of braced biplanes, but the safe construe- 
tion of such wings had to wait for the availability of 
light aluminum alloys. Likewise the advantage of re- 
tracting the landing gear and wheels was recognized 
at an early date and mechanisms for retraction were 
invented, but no designer would bother with them 
until speeds were high enough to make it worth while 
to accept the added cost and complication. The de- 
signer of transport planes, moreover, needed a thick 
cantilever wing to afford space enough to house the 
wheels in the retracted position. Consequently, there 
was a lag of some ten years in the general adoption 
of this improvement. 

Though some technical improvements are thus pro- 
posed before the art has sufficiently advanced to per- 
mit their use, other improvements come about as a 
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result of difficulties created by advance in the art. 
One example of these is the mass balaneing of control 
surface to prevent unstable vibration or “flutter” of 
cantilever wings. Serious flutter trouble was not en- 
countered until experience was had with high-speed 
monoplanes and particularly with dive bombers. The 
cure for the trouble was discovered after the trouble 
was disclosed. 

When airplanes fly very fast, moreover, roughness 
of the external surfaces is found to be extremely 
costly in power. As a result, we now have flush rivets, 
spot-welding techniques and other means to help make 
a smooth wing. 

In generai, the results of methodical research and 
experiment lead to new knowledge and to technical 
progress. But technical progress, of itself, discloses 


new difficulties whose solution requires further re- . 


search. From this solution, further technical gains 
may result. 

Under the stimulus of war, this self-generation of 
technical advances is unnaturally accelerated, but the 
direction of the progress is likely to be toward im- 
mediate objectives. For fighting planes every effort 
will be made to improve the vital performance char- 
acteristics of speed and climb, regardless of expense 
in power and fuel. Bombers must take off with a 
maximum load of bombs without regard to how such 
an overloaded plane could safely be landed again. 
One assumes that the bombs will be dropped some- 
where remote from the home field, or the fuel con- 
sumed to lighten the plane before landing. 

The design of military airplanes is fundamentally 
controlled by military requirements and will be spe- 
cialized as these requirements are specialized. Thus 
we have heavy bombers of long range to carry very 
heavy loads, light bombers of high speed, dive bombers 
and torpedo planes with special features of control, 
interceptor-fighters of extreme speed and climb but 
short range and escort-fighters with long range and 
heavier armament. 

Such airplanes are not very well adapted for the 
economical transport of passengers and goods, yet the 
knowledge of the aeronautical sciences which makes 
them possible can be applied to the design of com- 
- mercial airplanes. From the technical advances now 
being made in military aircraft, we may safely fore- 
east corresponding advances in future civil aireraft 
for our air lines. 

Without invading regions of official secrecy, it is 
evident that progress is now being made in certain 
aspects of aeronautical science and that one is justified 
in venturing some opinion as to the general nature 
of future technical improvement in both military and 
commercial aireraft. 

To begin with, we must realize that the airplane is 
the creature of the internal combustion engine. The 
gasoline engine of the beginning of our century made 
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possible both the automobile and the airplane. Prog. 
ress in the airplane has paralleled the technical deve). 
opment of its engine. The most spectacular improve. 
ment in the engine has followed better knowledge of 
the nature of the combustion of the fuel in the cylin. 
der. From such knowledge came scientifie method [ 
for testing the “octane number” of a fuel as a mea. B® 
sure of its detonation characteristics. Midgley’s in. I 
troduction of tetraethyl lead to raise the octane nun. 
ber of a fuel has permitted engine designers to go to J 
higher compression ratios with consequent improved fm 
power and economy. Military aircraft must have fuel 
of the highest octane rating procurable; military 
pressure will create additional capacity for such spe J 
cial fuels, and will stimulate the production of fuels 
of even higher octane rating than the best now avail- 
able. Likewise, the national defense program is re. 
quiring engines of even greater power for take-off 
with large bomb loads and greater economy in order F9 
to obtain a longer radius of action. The new engine J 
must use the improved fuels. 

Obviously, our air lines will become eventual bene 
ficiaries of the bigger and better engines and the fud [9 
to go with them. The commercial industry could never [@ 
afford to subsidize the fuel and engine development | 
costs that are involved. With more powerful engines, J 
the Army will develop long-range multi-engine bomb- [% 
ers and the Navy long-range multi-engine flying boats. | 
These aircraft will, of course, not be equipped for 
passengers, but requirements for habitability for their 
crews will force consideration of adequate heating and 
insulation, sound-proofing, de-icing, radio communica- 
tions and navigation, and special arrangements for 
substratosphere flying. For large military craft there 
will have to be developed suitable tires, wheels, brakes, 
servo controls and many types of special navigational 
and radio equipment which do not now exist. 

Our designers and manufacturers, as a result of 
their experience with the defense program, should be 
in an excellent position to adapt these aireraft for 
commercial purposes. The military aireraft may be 
too fast to be economical and may have unsafe take-off 
and landing characteristics for immediate conversion 
to air-line use, but their designers’ certainly will know 
what alterations are needed. The basie technical prob- 
lem and one solution of it will be known. The de- 
signer will then have only to work out a new solution 
making use of a proved method. 

Another field in which rapid technical progress 1 
being made is in the aerodynamics of the airplane 
itself. This work, done in order to obtain higher 
speed from the same power, is all to the advantage 
of the air transport operator who must lower his costs 
and his fares as his business grows. 

The reduction in drag by the use of smoother su'- 
faces exposed to the air has already been mentioned. 
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Roughness of surface is associated with the breakdown 


of the initially smooth laminar flow of air in the 
houndary layer next to a surface. This alteration of 


SS \,minar flow into a turbulent régime of much higher 
4 drag is delayed if the pressure gradient along the 
Oe hord of a wing is falling. Shapes of wing section 
Wein which the pressure gradient is more favorable to 


: d the maintenance of laminar flow are being studied. It 


EM; to be expected that, by the use of new wing sections 
BE made very smooth by new techniques of fabrication, 
Mm substantial reductions in drag may be realized in 
future. 


One of the largest sources of wasted power or drag 


Oe comes from the necessity for cooling the engines. The 
a liquid-cooled engine must have a large radiator and 
We the air-cooled engine must have a strong flow of air 
9M over its cylinders. Recent research has shown that the 


drag of this cooling air can be very much reduced if 


q the principles of fluid mechanies are applied to the 


ducting system that leads the cooling air in and out of 
the airplane. In addition to the direct cooling of the 
engine, moreover, an internal air flow is required for 
the carburetor and the oil radiator and, if the airplane 
is designed for high altitudes, for the intercooler of the 
supercharger. 

An internal combustion engine, of course, develops 
power from the combustion of fitel in the air that fills 


4q the cylinder. At an altitude of about 18,000 feet the 


oxygen content of a cylinder full of air is only half 
of that at ground level, and consequently only half 
as much fuel can be burned in this lighter air. The 


a power of the engine, therefore, falls off very rapidly 


with altitude, unless the engine drives a compressor or 
supercharger to supply itself with air at ground-level 
pressure. The supercharger heats the air adiabati- 


WH ally as it compresses, and the air is further heated 


by the turbulence and eddies created by its passage 
through the surpereharger. In order to attain ground- 
level conditions in the cylinder, a radiator, called the 


intercooler, is required to cool the compressed air be- 


yp fore it passes into the engine. 


Drag caused by the intercooler means wasted power, 
and the power taken from the engine to drive the 
supercharger is also wasted as far as carrying pay load 
's concerned, Present efforts to improve the efficiency 
of the supereharger as a pump should be helpful, and 
very real savings can be made in the ducting of the air. 
An alternative solution, which saves the power taken 
from the engine to drive the supercharger is obtained 
if the supereharger is driven by an exhaust gas tur- 
bine. Such turbines spin faster as the airplane goes 
higher, and have ideal characteristics for the purpose. 
However, the turbine is an extremely difficult appa- 
ratus to make, since it must run in very hot gas and 
at very high revolution. 

The national defense program will inevitably do 
much to bring about technical progress in super- 
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charging, gas turbines and associated control appa- 
ratus which our air lines badly need when they fly 
“above the weather.” 

Another aspect of the effort to get high speed results 
in belated attention to the energy of the exhaust. This 
is about equal to the energy developed usefully by the 
engine. When airplanes flew at 200 miles per hour at 
moderate altitudes, the exhaust problem was merely 
one of disposal. If no flame blinded the pilot and no 
gas got into the cabine, disposal was satisfactory. At 
high altitude and high speed, however, it is possible to 
recover considerable forward thrust by passing the 
exhaust out through suitable nozzles. This is in effect 
“jet propulsion,” long known to be a very uneconom- 
ical scheme at ordinary speeds. At high speeds, the 
jet is really effective and efficiency is of little conse- 
quence since the waste energy of the exhaust is being 
used. It is estimated that as much as a 10 per cent. 
gain in effective thrust of the engine can be obtained 
from the exhaust. Whether commercial air lines will 
develop an interest in jet propulsion will depend on 
whether their future requirements include much higher 
speeds of flight. 

Another kind of technical progress is based on 
research in aerodynamics. With improved wing sec- 
tions, the ratio of lift to resistance to forward motion 
has been notably increased in recent years. This in- 
crease should make for higher speeds with the same 
power, but the so-called high-speed wings are not good 
weight carriers and would entail too high a landing 
speed to be practical for commercial aviation. By 
means of slots and trailing edge flaps, it is now pos- 
sible when approaching a landing to convert the wing 
temporarily to a high-lift type. Since the develop- 
ment of improved high-lift devices of this sort is of 
great importance to bombers as well as to commercial 
planes, we may expect military pressure to accelerate 
it. Wing loadings have increased recently from 30 to 
more than 40 pounds per square foot, and the limit 
is not in sight. 

With higher wing loading, the length of run at 
take-off requires large airports, and we shall see a 
considerable enlargement of our American airports as 
part of the defense program. This will aid the exten- 
sion of our already rapidly expanding civil air trans- 
port industry. 

As to the importance of one feature of technical 
progress, even the so-called experts have been badly 


misled. I refer to questions about the ability of the. 


American type of radial air-cooled engines now uni- 
versally used by our air lines. Since European engines 
are liquid-cooled and are used in high-speed pursuit 
machines like the British Spitfire and German Messer- 
schmitt, there has been wide acceptance of the idea 
that this country can not build high-speed fighting 
airplanes until it has liquid-cooled engines of the 
European type. Furthermore, since certain stripped 


iy. 
» 

<4 
i 

i 

| 
| 

Is 

Bs 
+ 

l- 

0 

( 

| 
= 

| 

| 
| 

| 

= 

. 

' 

- 
| 
| 

By: 

| 
| | 
| - 
| 

7 
q 4 
Pig 
j 


74 SCIENCE 


German airplanes broke the world’s speed records 
twice in 1939—a Heinkel in March at 464 miles per 
hour and a Messerschmitt in April at 469 miles 
officially and 481.4 unofficially—the momentary speeds 
developed have been accepted as inherent in the liquid- 
cooled engine used. This is an entirely false inference. 

At the time that the Germans were claiming the 
world’s speed record, moreover, American planes 
equipped with American air-cooled engines of similar 
rated power output were making a high speed in 
normal flight of about 330 miles per hour, while British 
planes with liquid-cooled engines of the same power 
output were credited with 360 or more miles per hour. 
The ease for the liquid-cooled engine seemed to be very 
convineing. Yet it was based on a false conception of 
the aerodynamics of the matter. There was also an 
element of propaganda in it. 

The test of war has shown that the German fighting 
planes have a real speed of about 350 miles per hour 
and that their British opposite numbers make the same 
speed or a little more. In the meantime, progressive 
improvement in the installation of the American air- 
cooled engines has brought up the speed of our fighter 
planes. 

The National Advisory Committee for Aeronautics 
in its Langley Field wind tunnel has developed means 
of streamlining (ducting and cowling) the American 
radial air-cooled engine, so that its drag can be made 
as low as that of the best liquid-cooled engine installa- 
tion. Thus recent technical progress has enabled 
American airplane builders to demonstrate airplanes 
with larger air-cooled engines at speeds exceeding 400 
miles per hour. There now appears to be nothing to 
choose, as to speed, between the two types of engines 
when each is properly installed. This statement could 
have been true several years ago, but the results of 
research were available only recently. 

The largest liquid-cooled European type engines 
now used by Germany and England develop about 
1,200 horse power, and this year—1941—we shall have 
similar engines in quantity production here. Two new 
types of American air-cooled engine are already devel- 


oped and in production in the 2,000 horse-power size 


Nowhere else in the world are engines of such powe ] 
The demand for armor, protected gasoline im 
tanks and heavier armament can safely be predicte 
to make the 1,200 horse-power engine inadequate jy fm 
the near future on account of the increased weigh Bq 
involved. Also there is always a demand in war fo fm 
more speed. This country, however, can meet they fe 
demands by the development of a 2,000 horse-power 


available. 


fighter to compete with the 1940 European 1,200 horse. 


power plane. We have the engines and the knowledg : 


of how to install them for high speed. 


Production for war is not like production for dome. Jy 
The business man trained in con. [i 
merece may insist on “freezing” the design and go 
ing into production for three years on the sam 9 


tie consumption. 


article in order to recover his investment in engi. 


neering costs. In war, technical progress on the part q 
of the enemy can make such a three-year progran Im 


disastrous. 


We now have the interesting situation of a ver q 
large production program for 1,200 horse-power fm 


fighter airplanes based on European liquid-cooled 
engines which is getting well under way at about the 
time our own engineers present us with two 2,000 
horse-power engines, and our scientists show us hov 
to streamline them in an airplane mean to secure 
extremely high speed. 


The position seems to be that we are using our great (J 
productive eapacity for an immediate program of 
fighting airplanes that are the equal of anything know 
in Europe, and yet we have the potential ability to [@ 
make obsolete all fighter airplanes in the world to-day, [¥ 
including our own. This position has come about by 


recent technical progress in engines and fuels, com 


bined with new knowledge of the aerodynamics of air | 
flow. When we should take advantage of this recent 9 
technical progress is a delicate question involving 4 :. 


balance between strategic and tactical considerations. 
It is the old dilemma of quantity now versus quality 
later and can be decided wisely only when we knov 
whether it really is later than we think. 


PROFESSOR LAWRENCE AND THE DEVELOPMENT 
OF THE CYCLOTRON’ | 


By Professor R. H. FOWLER 
UNIVERSITY OF CAMBRIDGE 


I HARDLY need remind this distinguished gathering 


1 An address on the oceasion of the presentation of the 
Duddell Medal of the Physical Society of London at the 
dinner of the American Physical Society and Section B 
of the American Association for the Advancement of 
Science, Philadelphia, December 27. The medal was to 
have been presented by Lord Lothian. In view of his 
death the presentation was made by Mr. Neville Butler, 
chargé d’affaires of the British Embassy. 


that it is the father of the cyclotron whom we alt 
delighted to honor to-day. When I first met Lawrence, 
in June, 1931, the cyclotron was a very small baby. 
In fact, the only examples that had been made to work 
up to that time were still barely out of the sealing w% 
and string stage in which all good physical apparatus 
is first realized in material form. My memory of tha! 
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first visit tries to tell me that Lawrence was then work- 
ing with pole pieces of about 8 inches diameter. Per- 
haps there never was exactly such a stage. We all 
know anyhow that these baby models culminated the 
following year in a model with 11-inch pole pieces 
with which million-volt hydrogen ions were generated 
and used to verify the artificial disintegration of 
lithium, then just recently discovered by Cockcroft in 
England. 

Lawrence, however, had already at that time more 
exciting developments in view, which I vividly remem- 
ber. The derelict Poulsen arc magnet had already been 
located near Palo Alto and was even then on its way 
to Berkeley to form the backbone of the first of that 
whole series of adult eyclotrons with which Lawrence’s 
work and ideas have enriched physical science. I well 
remember how Lawrence, in showing me round his 
laboratory, outlined to me the program that he had 
primarily in mind—not so much to investigate himself 
a particular physical phenomenon, as to build a new 
and more powerful tool and make it available to 
physicists in general—a tool that would be of the 
utmost value in all that wide range of physical phe- 
nomena which demanded, and still demands, bigger and 
better guns shooting more and more powerful pro- 
jectiles to explore the innermost structure of the 
atomic nucleus. 

I remember registering joyfully at the time what a 
wise choice of program this might, with luck, turn 
out to be, and how it would appeal to Rutherford, who 
had himself been driving ahead for some years on other 
developments with the same objective of producing 
bigger and better atomic guns. I remember, too, his 
interest when I reported Lawrence’s plan to him on 
my return to England in the following month. 

Well the luck was good—though of course it wasn’t 
luck at all, but hard work, good physics, good engi- 
neering and deep insight into things which built the 
series of eyclotrons based on the old Poulsen are mag- 
net until its whole 37-inch diameter pole pieces were 
utilized to the full. It was these qualities, with good 
team work, which finally disentangled and interpreted 
the flood of important observations made with its use. 
If there was any element of luck about the affair it was 
perhaps that in the early experiments with deuterons 
(made possible by the success of G. N. Lewis in 1933 
in concentrating heavy hydrogen) the resulting power- 
ful neutron sources in the cyclotron did not damage 
the health of any of the workers before their danger, 
or even their existence, was recognized. 

Lawrenee’s own development of the cyclotron, 
achieved and projected, have naturally not stopped 
with the 37-inch maximum allowed by the old Poulsen 
are magnet, still working in the old Radiation Labora- 
tory at Berkeley. This was followed by the 60-inch 
‘strument of the William H. Crocker laboratory 


SCIENCE 75 


capable of producing a 100-microampere beam of 16- 
million volt deuterons or 32-million volt particles. 
Nor is Lawrence content to stop there, for a further 
instrument is under construction of such colossal size 
and power and promise of performance that I, who 
have not yet had the good fortune to see the plan, 
hesitate to deseribe it to you and must hope that 
Lawrence himself will do so in his reply. 

I have not thought it necessary in this assembly of 
physicists and at this date to describe a cyclotron. 
We all know how it works in principle and realize 
what great pains and genius have been necessary to 
make it work in practice. But I would like to make 
one or two remarks about the outstanding contribu- 
tion it is making, not only to physical science, but 
over the whole scientific field. In the range of useful- 
ness of its products it is unsurpassed by any other tool 
at our disposal, with the possible exception of the 
microscope. It is, at the present moment, our most 
potent means of producing powerful neutron sources 
and by this means of making a large variety of new 
nuclei, providing us with new isotopes of the ordinary 
chemical elements in significant concentrations, which 
are in general unstable with a large variety of mean 
life. This wealth of new nuclei manufactured under 
known condition is itself of the greatest value to physi- 
cists in reducing to order our knowledge and our 
theories of the structure of the nucleus, just as the 
knowledge and theory of the outer structure of the 
atom was reduced to order, it seems only the other day. 
In this new study the cyclotron is the tool playing 
the part of the spectroscope of yesterday. But the 
wealth of new unstable isotopes of ordinary chemical 
elements does more than this. It enables us to study 
the sequences of chemical and biological processes 
with marked atoms such as carbon, perfectly normal 
except for their nuclear laundry mark. It enables 
also strong radioactive preparations of ordinary sub- 
stances to be used in medicine in a way hitherto 
undreamed of. Important as the study of nuclear 
physies is in itself, these contributions to medical and 
biological science must be rated as of overwhelmingly 
higher potential value, and it is in virtue of them that 
I believe that Lawrence’s work in developing the cyclo- 
tron takes its outstanding place to-day. In various 
parts of the world from Berkeley via Boston to 
England and thence via Moscow to Japan between 20 
and 40 eyclotrons are already at work, a magnificent 
realization of Lawrence’s dream. 

We hail Lawrence, therefore, as one of the great 
tool makers of our time for his gift to us of the 
cyclotron. Looking back as a physicist, or if you 
prefer more strictly as an atomic physicist, over the 
years within my own experience, I can think of few 
new tools of comparable importance primarily devel- 
oped by one individual. The cloud chamber of C. T. R. 
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Wilson is certainly one, and perhaps the mass spec- 
trograph of Astor. Other great tools, for example, 
optical and x-ray spectrographs, have been from the 
first the work of many independent hands. But when 
one contemplates the wide fields which are coming to 
depend on the cyclotron one is tempted to believe that 
it will prove to be the great tool of our times. Inci- 
dentally, to be frivolous for a moment, it is the one 
major tool of which, to my knowledge, the Cavendish 
Laboratory ever made a Chinese copy. 

A great toolmaker is a high estate, but we should 
do Lawrence scant justice if we did not hail him as a 
great team leader too. He has inspired and driven a 
remarkable team of workers—in these days in enter- 
prises of: such magnitude and complication the power 
to organize such cooperative efforts and to get the 
best from a team is an essential quality in the out- 
standing physicist. At least one major discovery is 
credited in the Cavendish to the toe of Rutherford’s 
boot. I fancy that Lawrence’s boot has an equally 


good toe and have no doubt that he uses it with judg. 
ment—I hope with equal success—as the great team 
leader must. 

The English-speaking democracies may well con- 
template with some pride the part that their outstand- 
ing scientific leaders have played in building modern 
science, and not least that wing of the building devoted 
to physies and engineering—which physicists, chem- 
ists, engineers and an odd mathematician or two have 
combined to glorify. Each of us will have our own 
pet list of heroes in this group. All these lists will be 
different and I shall not invite criticism by giving you 
mine. But I think we shall all soon agree that on this 
list the father of the cyclotron will hold an honored 
place. 

Physicist, engineer, team leader, good colleague, 
Comstock Prizeman, Nobel Laureate, on my own behalf 
and, not greatly daring, on behalf of the members of 
the Physical Society of London, Ernest Lawrence, | 
wish you well. 


SCIENTIFIC EVENTS 


THE SIXTH LERNER-AMERICAN MUSEUM 
BIG GAME FISH EXPEDITION 

Unpber the leadership of Michael Lerner, field asso- 
ciate in ichthyology of the American Museum of Nat- 
ural History, the sixth Michael Lerner-American Mu- 
seum Big Game Fish Expedition left Miami, Fla., on 
January 7 by Pan-American Airways for Talara, a 
small oil camp on the northwest coast of Peru, which 
will serve as a base for fishing operations. Mr. 
Lerner states that “The main objective of this year’s 
expedition will be to investigate the habits of marlin 
reported to be found at this season of the year off 
Peru, with the purpose of finding further clues to its 
breeding places and breeding behavior.” 

To meet the special requirements of this type of big 
game fishing, Mr. Lerner has obtained the use of a 
39-foot deep-sea fishing launch, the Alone, which 
has been shipped to Talara aboard a Grace Line 
steamer to be in readiness for the arrival of the expe- 
dition. 

From its base at Talara, Peru, near the Ecuadorian 
border, the expedition will cruise along the Peruvian 
and Ecuadorian coasts, fishing to an offshore distance 
of one hundred miles, and making a study of the eur- 
rents in which the large fish are apt to be found feed- 


ing on the smaller fish. Talara was one of the base ' 


camps for last year’s expedition, when quantities of 
swordfish, manta, sharks and whales were found feed- 
ing in the rip where the warm current El Nino enters 
the cold Humboldt current. 

“The breeding places and breeding behavior of all 
marlins are still unknown,” said Mr. Lerner. “Our 


expedition of last year found evidence contradicting 
a prevalent report that both marlin and swordfish off 
Chile were in spawning condition. Our examination 
of the fish caught at that time showed all forty speci- 
mens examined to be adult female fish in a totally in- 
active state, as was the case with swordfish caught on 
two previous expeditions to Cape Breton and with 
marlins caught off the Bahamas.” 

Since this series of expeditions was inaugurated in 
1936, specimens of swordfish and marlins in the North 
Atlantic, the Bahamas, Australia, New Zealand and 
off the west coast of South America have been col- 
lected but the breeding places of both remain 4 
mystery. 

It is also planned to collect specimens of a large 
squid found off the northwestern coast of South Amer- 
ica. These appear at the surface at night in enormous 
numbers. Live specimens will be gathered and shipped 
back to New York in a large specially constructed tank 
for scientific study at the American Museum. 


WORK OF THE UNITED STATES 
GEOLOGICAL SURVEY 


A CONSIDERABLE part of the United States (eo- 
logical Survey’s geologic staff has been engaged for 
many months past in field investigations of deposits 
of the strategie minerals—manganese, mercury, anti- 
mony, tin, chromite, tungsten, nickel and mica. Ex- 
aminations completed or under way cover areas in a 
dozen states and Alaska. Nine of the resulting re- 
ports have been published, cthers are in press, and still 
others are in preparation or await additional office and 
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laboratory work. These investigations are being car- 
ried out under special appropriation because of their 
importanee for national defense purposes. In further- 
ance of that program and as one phase of the program 
of cooperation among American Republics, several 
geologists of the survey have recently been sent to 
Central and South America to investigate deposits of 
strategie minerals. C. F. Park, W. D. Johnston and 
T. P. Thayer have been in Cuba since early November 
inspecting deposits of manganese and chromite; Eu- 
gene Callaghan and J. F. McAllister left for Bolivia 
early in December to work on tin, tungsten, and anti- 
mony deposits; and W. D. Johnston and S. R. Capps 
arrived in Brazil in the middle of December to in- 
vestigate deposits of chromite and manganese. 

Among other projects under way in recent months 
were the following: (a) By Paul Averitt, an investi- 
gation of the gas resources and possibilities of the 
Early Grove area in southwestern Virginia, in cooper- 
ation with the State Survey; (b) by W. P. Woodring 
and K. E. Lohman, investigation and mapping of the 
structure, stratigraphy, and oil and gas resources of 
the Santa Maria district, Santa Barbara County, Cali- 
fornia; (¢) by W. C. Warren, a study of the stratig- 
raphy and structure of the area east of Forks, Wash- 
ington, between the Hoh and Soleduck rivers, with 
special attention to its petroleum possibilities; (d) by 
J. T. Pardee, a study of faulting of intermontane 
basins of western Montana; (e) by W. B. Lang, a field 
study of recent developments in the potash field and 
of the resourees and developments of sodium sulphate, 
in southeastern New Mexico, western Texas, and Ari- 
zona; (f) by H. D. Miser, an investigation of the 
quartz erystal deposits in the western part of Ar- 
kansas for the special purpose of acquiring informa- 
tion on possible future production of crystals suitable 
for radio transmitters. 

The installation of apparatus for work in x-ray 
crystallography, under the direction of W. E. Rich- 
mond, has now been completed and several new min- 
erals diseovered by survey mineralogists are under ex- 
amination with x-rays. 

The faeilities and services of the Water Resources 
Branch of the survey in furnishing and analyzing 
water-supply data and in the investigation of the 
availability of additional water supplies needed for 
defense activities are being extensively used by the 
War and Navy Departments, especially through the 
construction Quartermasters stationed at specific 
points where defense works are being expanded. In 
addition, much use is being made of the same facilities 
by private agencies engaged in furnishing water sup- 
plies for camps and defense bases and also for in- 
dustrial plants engaged upon the construction of de- 
fense material. 
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THE NATIONAL RESEARCH FELLOWSHIP 
FOR WOMEN IN SCIENCE 

THE initiation of a program that will lead to the 
awarding of the Sigma Delta Epsilon National Re- 
search Fellowship for Women in Science was author- 
ized by Lois Lampe, of the Ohio State University, 
National President of Sigma Delta Epsilon, Graduate 
Woman’s Scientific Fraternity, at the 1940 national 
convention of the society held in Philadelphia during 
the meetings of the American Association for the 
Advancement of Science. 3 

The awarding of this fellowship, plans for which 
will be announced later, will celebrate the twentieth 
year of the fraternity which was founded in 1921 at 
Cornell University. It is the only woman’s organiza- 
tion affiliated with the American Association for the 
Advancement of Science. The membership is made 
up of about twenty-five hundred women grouped in 
fourteen chapters. 

Officers elected for the year 1941 are: 


National President, Dorothy Day, department of botany, 
Smith College. 

First Vice-president, Elizabeth Wagner Beasley, Texas 
Agricultural Experiment Station. 

Second Vice-president, Mary A. Magill, associate editor, 
Chemical Abstracts, Columbus, Ohio. 

National Secretary, Nina E. Gray, department of biology, 
Illinois State Normal University. 

National Treasurer, Mary Bartley Schmidt, Fayetteville, 
Arkansas. 


A PLAN TO PROMOTE CULTURAL FEL- 
LOWSHIP AND COOPERATION 
AMONG THE AMERICAN 

REPUBLICS 

Dr. AntToN J. Caruson, professor of physiology at 
the University of Chicago, writes, as president of the 
Union of American Biological Societies, “that the 
trustees of Biological Abstracts have learned, in part 
through information furnished by the Pan-American 
Union of Washington, D. C., that there are now some 
one hundred and fifty bona fide research and eduea- 
tional institutions in our sister Republics south of the 
Rio Grande, which owing to lack of funds, inequality 
in monetary exchange value, ete., are not now sub- 
seribers to Biological Abstracts, a most useful, if not 
necessary compendium of the world literature in bio- 
logical and medical research. 

“In the hope that many national biological societies, 
foundations and individuals in the United States may 
find here a practical and effective means of promoting 
a Pan-Americanism based on understanding, mutual 
respect, personal friendliness and fair play, the trus- 
tees of Biological Abstracts have decided to reduce 
the cost of a set of the abstracts from $250.00 to 
$100.00 (ineluding subseription for the 1941 volume) 
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to biological societies, foundations and individuals 
who wish to send such sets to one or more of the above 
South American institutions. The Union of American 
Biological Societies, at a recent meeting, approved 
the above plan. 

“Organizations or individuals interested in this plan 
can secure a list of the South American institutions 
from Dr. John E. Flynn, University of Pennsylvania, 
Philadelphia. I think such action on our part would 
certainly constitute one of the many seeds that will 
sprout into international good will, understanding and 
respect, so necessary for our mutual peace and free- 


dom.” 


THE GEOLOGICAL SOCIETY OF AMERICA 


THE fifty-third annual meeting of the Geological 
Society of America was held at the University of 
Texas on December 26, 27 and 28. 

More than seven hundred geologists, mineralogists 
and paleontologists registered. Eighty-five titles were 
listed on the program of the scientific sessions. The 
Mineralogical Society of America and the Paleonto- 
logical Society, holding their twenty-first and thirty- 
second meetings, presented thirty-two papers and 
thirty-eight papers, respectively.. 

Professor Eliot Blackwelder, of Stanford Univer- 
sity, retiring as president of the Geological Society, 
addressed the combined societies on the evening of 
December 26. His address was entitled “Science and 
the Human Prospects.” On Thursday morning, De- 
cember 26, Professor Carl O. Dunbar, of Yale Univer- 
sity, retiring as president of the Paleontological So- 
ciety, delivered an address on “The Permian Faunas: 
a Study in Facies.” On Friday morning Dr. W. F. 
Foshag, of the U. 8. National Museum, retiring presi- 
dent of the Mineralogical Society, spoke on “Problems 
in the Study of Meteorites.” 

The annual dinner was held on December 27. Dr. 
Nelson Horatio Darton, of the United States Geolog- 
ical Survey, was awarded the Penrose Medal of The 
Geological Society of America following a presenta- 
tion address by Professor Douglas Johnson, of Colum- 
bia University, vice-president and member of the 
Medal Award Committee. At the close of the dinner 
program a fifteen-minute address by Past-president 
Charles K. Leith was brought to the banquet room 
from Washington by radio through the cooperation 
of the National Broadcasting Company. Professor 
Leith’s subject was “Strategic Minerals in War and 
Peace.” 

Officers of the society for the year 1941 were elected 
as follows: 


President, Charles P. Berkey. 

Past-president, Eliot Blackwelder. 

Vice-presidents, George 8. Hume, Douglas Johnson, Ray- 
mond C. Moore, William F. Foshag. 

Secretary, H. R. Aldrich. 


Treasurer, Edward B. Mathews. 

Councilors, Joseph Stanley-Brown, A, F. Buddington, B, 
8S. Butler, Charles H. Behre, Jr., Kirk Bryan, Carl 0, 
Dunbar, Charles E. Weaver, E. L. DeGolyer, William 
W. Rubey. 


RECENT DEATHS AND MEMORIALS 


Dr. Davin Hitt TENNENT, research professor of 
biology at Bryn Mawr College, died on January 14 in 
his sixty-eighth year. 

Dr. Paut Nicuouas LEECH, director of the division 
of drugs, foods and physical chemistry of the Amer- 
ican Medical Association, died on January 14 at the 
agt of fifty-one years. - 


RearR ADMIRAL WILLIAM CLARENCE BRAISTED died 
on January 17 at the age of seventy-six years, 
From 1914 to 1921 he was surgeon general of the 
United States Navy and chief of the Bureau of Medi- 
cine and Surgery. 


CARLETON ELLIS, research chemist and inventor, died 
on January 13. He was sixty-four years old. 


HENRY GOLDMARK, of Nyack, N. Y., a civil engineer, 
who designed and supervised the construction of lock 
gates for the Panama Canal as a member of the staff 
of General George W. Goethals from 1906 to 1914, 
died on January 15 as the result of injuries received 
when he was struck by an automobile. He was eighty- 
three years old. 


Cuinton A. Lupwia, associate plant physiologist of 
the Division of Soil Microbiology of the Bureau of 
Plant Industry, U. S. Department of Agriculture, died 
on January 7 at the age of fifty-four years. 


Dr. EpwarpD JOHN VON KOMOROWSKI MENGE, lec- 
turer in biology at the College of St. Francis, from 
1935 to 1937 head of the department of biology at the 
college, died on January 8, at the age of fifty-eight 
years. | 


Satvapor Hosprtan, Santiago, Chile, dedicated on 
November 7 a new wing in honor of the late Dr. Har- 
vey Cushing. A full-length portrait of Dr. Cushing 
was unveiled by United States Ambassador Claude G. 
Bowers. The president of Chile, the minister of health 
and other officials were present. \ 


Ir is reported in the Journal of the American Med- 
ieal Association that the Milwaukee Sanitarium at 
Wauwatosa has named its twentieth building the Bill- 
ings House and has dedicated it in honor of the late 
Dr. Frank Billings of Chicago, who for twenty-five 
years was a director of the sanitarium. 


A sust of Hippocrates has been given to the Divi- 
sion of Medical History and Bibliography of the Med- 
ical School of the University of California by Dr. Pan 
S. Codellas and other members of the Greek colony 
of San Francisco. Formal presentation was made at 
exercises commemorating the birth of Hippocrates 
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over which Dean Emeritus Langley Porter presided. 
Speakers on this occasion were Drs. William Dock 
and Frederick Reichert, of the School of Medicine of 
Stanford University, and Drs. William J. Kerr, 
Chauncey D. Leake, John B. Saunders, Salvatore P. 


SCIENCE 79 


Lucia and Pan S. Codellas, of the School of Medicine 
of the University of California. The bust has been 
placed in the Crummer Room, which houses a valuable 
collection of books and other material on the history 
of medicine. 


SCIENTIFIC NOTES AND NEWS 


At the eighty-eighth annual meeting of the Amer- 
ican Society of Civil Engineers, which was held in New 
York on January 15, 16 and 17, the John Fritz Medal 
was presented to Ralph Budd, president of the Chi- 
cago, Burlington and Quincy Railroad, in recognition 
of his contributions in applied science. Mr. Budd, a 
member of the Advisory Commission of the Council of 
National Defense in charge of transportation, has been 
a railroad administrator for many years. The presen- 
tation was made by William Henry Harrison, past- 
president of the American Institute of Electrical En- 
gineers and chairman of the John Fritz Medal Board. 
Honorary membership in the society was conferred on 
five engineers, including Dr. Charles P. Berkey, New- 
berry professor of geology emeritus of Columbia Uni- 
versity. Dr. Berkey is the first geologist to be so 
honored. The award was made for his work in co- 
operation with engineers on the foundations of the 
George Washington Bridge, on the Midtown Tunnel 
and on the aqueducts of the water supply system of 
New York City. 


THE Roebling medal of the Mineralogical Society of 
America, which was awarded to Dr. L. J. Spencer, of 
the British Museum of Natural History, London, as 
Dr. Spencer was unable to be present, was received 
by the British consul at the Austin meeting of the 
society. The presentation was made by Professor A. 
N. Winchell, of the University of Wisconsin. 


THE 1940 Lawrence Sperry award of the Institute 
of Aeronautical Science, made annually for “a notable 
contribution by a young man to aeronauties,” will be 
presented on January 28 to Dr. Bailey Oswald, chief 
of the aerodynamies group of the Douglas Aircraft 
Company, in recognition of “his analytical studies in 
aerodynamies which have facilitated the accurate de- 
sign and economieal operation of airplanes.” Dr. 
Louis H. Bauer, editor-in-chief of the Journal of 
Aviation Medicine, has been chosen as the first re- 


@ cipient of the John Jeffries Award for a contribution 


in the field of medicine to aviation. The awards will 


be presented at a dinner to be given in New York 
on January 28. 


A COMMEMORATIVE booklet has been issued in honor 
of Dr. Edward A. Birge, president-emeritus of the 
University of Wisconsin, previously professor of 
zoology and dean of the College of Letters and Sei- 


ence. This includes the addresses given at the dinner 
held on his ninetieth birthday last September in con- 
nection with the symposium on hydrobiology. The 
symposium, which was recently published by the Uni- 
versity Press, is in recognition of his “contributions 
to the science of limnology” and has as a frontispiece 
an autographed portrait of Dr. Birge. 


ProressoR Harrison M. RANDALL, chairman of the 
department of physies of the University of Michigan, 
on reaching the age of seventy years, has retired after 
serving the university for forty years. In honor of 
his significant contributions to the science and the 
teaching of physics at the university, the regents have 
directed that East Physics Hall be known as the Har- 
rison M. Randall Laboratory of Physies. Dr. Randall 
has been appointed Henry Russel lecturer at the uni- 
versity for 1940-41. This award goes to the faculty 
member judged to have attained the highest scholastic 
distinction during the year. 


ACCORDING to a wireless dispatch to The New York 
Times, Dr. Paul Langevin, formerly professor of ex- 
perimental physics at the Collége de France, who had 
been detained in the Cherché Midi prison in Paris, has 
received an honor parole. His release was ordered for 
reasons of health. Professor Langevin was deprived 
of his professorship because of his political activities. 


THE degree of doctor of science honoris causa has 
been conferred by the University of Manchester on 
Hans Renold in recognition of his services to engi- 
neering, including the invention of the precision chain. 


THE council of the Royal Horticultural Society, 
London, has awarded the Victoria medal of honor for 
1940 to Major F. C. Stern. The Veitch Memorial 
gold medal has been awarded, on his retirement, to 
T. Hay, superintendent of the royal parks, and the 
Loder rhododendron cup to Dr. J. Hutchinson, of the 
Royal Botanic Gardens, Kew. 


Nature states that the administrators of the Beilby 
Memorial Fund have announced an award of a hun- 
dred guineas to Dr. Frederick Measham Lea, prin- 
cipal scientifie officer of the Building Research Station 
of the British Department of Scientific and Industrial 
Research, in recognition of his researches on the con- 
stitution of silicate systems and the chemistry of 
cement in its physico-chemical aspects. 
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Dr. Carrout C. Pratt, head of the department of 
psychology at Rutgers University, has been appointed 
visiting lecturer for the second term of the present 
academic year at Princeton University. 


JoHN A. HANNAH, since 1935 secretary of Miehigan 
State College at East Lansing, formerly connected 
with the college as extension specialist in poultry, 
later becoming federal coordinator for Poultry Codes, 
has been elected president of the college. He will 
succeed Dr. Robert S. Shaw, his father-in-law, who 
will retire on July 1. 


At the Christmas meeting of the American Mathe- 
matical Society at Baton Rouge, Professor J. R. 
Kline, chairman of the department of mathematics at 
the University of Pennsylvania, was elected secretary 
of the society to succeed Dean R. G. D. Richardson, 
of Brown University, who, as already announced in 
Science, has retired from the secretaryship after 
twenty years of service. 


J. A. SHELLENBERGER has resigned from his posi- 
tion as head of the Products Control Department of 
the Mennel Milling Company at Toledo, Ohio, to be- 
come head of the Biochemical Laboratory of the Rohm 
and Haas Company at Bristol, Pa. 


Dr. ALEXANDER WETMORE, assistant seeretary of the 
Smithsonian Institution, has returned to Washington 
from Costa Rica where he passed two months collect- 
ing specimens and studying the varied bird life. Dr. 
Wetmore spent much of the time as a guest of the 
Costa Rican Government in the isolated Guanacaste 
province in the northwest of the republic, a cattle 
country little explored by naturalists, and with primi- 
tive modes of transportation. He worked along the 
valley of the Tempisque River, and also on the slopes 
of the extinet voleano, Rineén de la Vieja, a country 
of rolling pastures and live oak groves. Higher on 
the mountain he entered an entirely uninhabited region 
of dense rain forest, where bird life was relatively 
unknown. 


Dr. E. O. Wiuson, professor of chemistry in the 
College of Natural Sciences of Yenching University, 
has leave of absence for the current academic year. 
He is spending the first part of the year at Claremont, 
Calif. Dr. Charles C. Y. Cheng is taking charge of 
his work at Yenching’ University. 


At the annual meeting on January 13 of the board 
of trustees of the American Museum of Natural His- 
tory, members of the board were elected as follows: 
Michael Lerner, field associate in ichthyology; Cor- 
nelius V. Whitney; Harold B. Clark; Daniel E. Pome- 
roy; H. Rivington Pyne and §S. Sloan Colt. Dr. F. 
Trubee Davison was reelected president of the board; 
A. Perry Osborn, first vice-president; Cleveland E. 


Dodge, second vice-president; E. Roland Harrima, 
treasurer, and Clarence L. Hay, secretary. The resig. 


nation of George T. Bowdoin as a member of the boar; 4 


was accepted. 


We learn from Russell M. Wilder, chairman of thy 
Committee on Food and Nutrition of the Nation) Ey 
Research Council, that Dr. L. A. Maynard, professo; FF ; 
of animal nutrition and director of the U. S. Plan, 
Soil and Nutrition Laboratory at Cornell University, I 
is a member of the Committee on Food and Nutrition, 


and on its Executive Board. 


BenJAMINn T. Brooks, petroleum consultant of Ney 
York City, has been retained by the Government of §% 
Venezuela as a special adviser on petroleum matter, J 
Dr. Brooks expects to spend the greater part of th [i 


winter in Venezuela. 


Dr. Joun E. Gorpon, professor of preventive medi- 
cine and epidemiology at the Harvard Medical School, J 
is en route to England to complete arrangements with 9 
British health authorities for the twenty-two-building. [9 
prefabricated portable hospital which Harvard Uni. (9 
versity and the American Red Cross are sending to [% 


England next month for a study of communicable dis. 


eases in war-time conditions. The hospital will be set 
up in Southwest England. Dr. Gordon is accompanied [J 
by Dr. Paul B. Beeson, resident physician of the Peter [9 
Bent Brigham Hospital, Boston, and assistant in medi- [ 
cine at the Harvard Medical School, who has been ap- [9 
pointed chief surgeon; Dr. Gerald F. Houser, assis [9 
tant director of the Massachusetts General Hospital, (9 
Other appoint. 
ments include Dr. Dean S. Fleming, epidemiologist, [ 


has been appointed superintendent. 


Minnesota State Fellow of Public Health at Harvard; 


Dr. William L. Hawley, physician, medical house 4 


officer at Peter Bent Brigham Hospital; Dr. Thomas 
F. MeNair Scott, research professor of pediatrics at 
the University of Pennsylvania; Dr. Alex J. Steig- 


man, house officer of Children’s Hospital, Philadel- 4 


phia; Eleanor Hathaway, technician at the House of 
the Good Samaritan; Elizabeth B. Jackson, technician 
at Huntington Memorial Hospital, Boston; Mr 
Edelmira Hendee, technician in the department 0! 
bacteriology, Harvard Medieal Sehool; Chester 4. 
Whitney, x-ray and photographic technician at the 
Harvard School of Public Health, and Mary Alice 
Jaqua, secretary of the Grant Study at Harvard. 4 
contingent of fifty Red Cross nurses is being selected. 


Members of a commission requested by the War 
Department to study health conditions, epidemic on- 
trol, transportation and evacuation of children 1 
Great Britain, sailed for London on January 18. They 
will seek information for use in preparing a civilial 
home defense mobilization plan for the United States 
They expect to stay in London for a month and are t0 
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visit France, Germany and other countries. The com- 
mission ineludes Dr. Thomas Parran, director of the 
Publie Health Service; Major Eugene W. Ridings, of 
the general: staff of the War Department, and F. C. 
Horner, transportation consultant to the Defense 
Commission. The commission will be accompanied 
by a staff of technicians. 


Dr. Cart C. SPEWEL, professor of anatomy at the 
University of Virginia, delivered the fourth Harvey 
Society lecture of the current series at the New York 
Academy of Medicine on January 16. He spoke on 
the “Adjustment of Nerve Endings.” 


Tue Charles Sumner Bacon Lectures for 1940-1941 
will be given on February 12 and 13 at the College of 
Medicine of the University of Illinois at Chicago by 
Dr. Henrik Dam, of the Biochemical Institute of the 
University of Copenhagen. The subject of the lec- 
tures are “Vitamin K, Its General Significance in 
Biochemistry” and “Vitamin K, Its Réle in Human 
Pathology and Its Application in Therapeutics.” 


Tue two hundred and fortieth regular meeting of 
the American Physieal Soicety is to be held in Cam- 
bridge on Friday and Saturday, February 21 and 22. 
There will be sessions at Harvard University and at 
tue Massachusetts Institute of Technology. The 
Optical Society of America will hold meetings con- 
jointly. 

THE Federation of Societies of Experimental Biol- 
ogy, composed of the American Physiological Society, 
the American Society of Biological Chemists, the 
American Society of Pharmacology and Experimental 
Therapeuties, the American Society for Experimen- 
tal Pathology and the American Institute of Nu- 
trition will meet in Chicago from April 15 to 19. The 
Stevens Hotel has been chosen as headquarters and all 
scientific sessions and demonstrations will be held 
there. 


SCIENCE 81 


THE Midwestern Psychological Association will meet 
at Ohio University, Athens, on April 11 and 12 under 
the presidency of Dr. E. A. Culler, professor of psy- 
chology at the University of Illinois. About eight or 
ten sections and a similar number of symposia on spe- 
cial topies will be scheduled. Full details as to pro- 
gram, housing and transportation arrangements will 
be available about March 1 from the office of the seere- 
tary-treasurer, Dr. Robert H. Seashore, Northwestern 
University, Evanston, Il. 


THE New Jersey Gastro-Enterologieal Society will 
hold a symposium on “Lesions of the Stomach, Duo- 
denum and Jejunum” at the Academy of Medicine, 
Newark, N. J., on February 3. Participants will be 
Drs. William T. Lemmon, Jefferson Medical College, 
Philadelphia; Burrill B. Crohn, Mount Sinai Hospital, 
New York City; Karl Kornblum, Jefferson Medical 
College, Philadelphia; Isidor S. Ravdin, University 
of Pennsylvania; John H. Garlock, Mount Sinai Hos- 
pital, New York City; Charles L. Brown, professor of 
medicine, Temple University. Dr. Hyman I. Gold- 
stein, Camden, N. J., president, will preside at this 
meeting. 


THE annual Social Science Field Laboratory, under 
the auspices of the Graduate School of New York 
University, will be held in Northern California during 
the summer of 1941. Eight fellowships will be granted 
to graduate students and accredited seniors from any 
branch of the social sciences and from any university. 
The laboratory provides an opportunity of receiving 
practical experience and training in social research 
and to participate in a long term research project. 
The results, which may be used as theses or disserta- 
tions, will be published in a series. Communications 
should be addressed to Dr. B. W. Aginsky, director, 
Social Science Field Laboratory, New York Univer- 
sity, New York City. 


DISCUSSION 


AN INVENTORY OF NATURAL VEGETA- 
TION TYPES AND THE NEED FOR 
THEIR PRESERVATION 

THERE will be general agreement among biologists 
that there is a very real need for samples of com- 
pletely undisturbed vegetation and accompanying 
biota, as suggested by R. L. Piemeisel,! who has pointed 
out the numerous influences which may interfere with 
such areas even under the best conditions of protec- 
tion. The illustrations, drawn from grassland ecol- 
ogy, of disturbance by natural agencies, largely be- 
yond the control of man, find many parallels in forest 


‘R. L, Piemeisel, Scrence, 92: 2383, 195-197, 1940. 


types, the most striking of which was the New En- 
gland hurricane of September, 1938. 

A number of examples of natural forest types in 
essentially virgin condition had been set aside as nat- 
ural areas to be maintained perpetually as reserves of 
undisturbed natural vegetation for study and com- 
parison with adjacent sites more or less greatly 
altered. These had been acquired over a period of 
years by state and federal governments, universities 
and individuals. The timber on these areas, with few 
exceptions, was completely destroyed by the hurricane 
because of the especial vulnerability of over-mature 
trees to windfall; in fact, this might have been antici- 
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pated from the finding that the white pines on the nat- 
ural area at Heart’s Content, near Warren, Pennsyl- 
vania, were essentially even-aged, suggesting their 
origin from some blowdown before the coming of the 
white man.?-* Certainly destructive hurricanes oc- 
curred in the past, and several other recent blowdowns 
have been observed, such as the one on the Olympic 
Peninsula in Washington in 1920. Tornado tracks of 
all ages can be traced in southern pine forests in 
Louisiana. Wide-spread windthrow of forests may 
thus logically be said to be natural phenomena, and 
such areas natural areas even during the periods when 
the dominant vegetation is prostrate and decaying. 
Viewed in this light there may seem no occasion for 
concern over the New England hurricane were it not 
for the fact that the scattered fragments of virgin 
timber now destroyed were frequently the only ones 
remaining in the region. 

Climatic factors are not the only destructive agen- 
cies. Other illustrations of agencies causing profound 
alteration of natural forest types may be found in 
forest tree diseases such as chestnut blight (Endothia 
parasitica (Murr.) P. J. and H. W. And.), which has 
eliminated chestnut as a component of fully stocked 
forests in the Northeast. White pine blister rust 
(Cronartium ribicola Fischer) and Dutch elm disease 
(Ceratostomella ulmi Schwarz) have demonstrated 
their capacity to influence stand composition mark- 
edly, if allowed to spread unchecked. Insects are no 
less important. Most of the spruce in parts of eastern 
Canada has been killed by the European spruce saw- 
fly (Diprion polytomum Hartig) ; the Eastern spruce 
bark beetle (Dendroctonus piceaperda Hopk.) peri- 
odically makes inroads in overmature virgin spruce 
in some of the very areas set aside as natural reserves, 
often as a successor to the spruce budworm, (Cacoecia 
fumiferana (Clem.)); and the gypsy moth (Prothe- 
tria dispar L.) has noticeably reduced the proportion 
of oak and other favored food plants in some sections 
where the insect has abounded for many years. Less 
destructive in general, some mammals may occasion- 
ally concentrate on just the areas selected for study. 
The writer has observed virtually complete destruc- 
tion of trecs on permanent sample plots by deer, por- 
cupines and even beaver. Rabbits, gophers, squirrels 
and mice are a scourge to forestry experiments in 
many parts of the country. Yet they are an integral 
component of the forest community and as well as in- 
sects, fungi and other biota are part and parcel of the 
natural forest complex, to which they are bound by 
intricate and diverse interrelationships. To eliminate 
them as disturbing influences is to create at once an 
altered environment. 


2H. J. Lutz, Ecology, 11: 1-29, 1930. . 
3H, J. Lutz and A. L. McComb, Ecology, 16: 252-256, 


1935. 
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Man, of course, is the arch enemy of natural vege. 
tation because of his greater ability to affect it jp 
more indirect and direct ways than other mammals, 


Like other biotic factors, however, his direct influence. [| 


is usually more acute the greater the population con. 
centrated on an area. Lone hunters and woodsmey 
interrupted natural environment far less than the 
mass attack of CCC boys. 

How, then, shall adequate examples of all the major 
types of vegetation be protected from the constantly 
increasing number of disturbing influences? Only by 
anticipation of future needs for such reserves and by 
as complete protection as is humanly possible of large 
and small areas, well distributed and replicated s0 


- that if one meet with disaster another may survive, 


The National Park Service and U. S. Forest Service 
have many such natural areas and reserves under 
their jurisdiction and they are establishing more all 
the time. A periodic inventory should be made to 


enumerate what types of vegetation are now under & 


preservation and what others need protection. The 
only comprehensive attempt along this line was the 
“Naturalists’ Guide to the Americas.”®> Many changes 
have occurred in the last 14 years, and this survey 
should be brought up to date. The Committee on 
Preservation of Natural Conditions of the National 
Research Council might well undertake such a sur- 
vey.* Until data are available on (a) what vegetation 
types (and animal communities) are at present ade- 
quately represented in protected areas and (b) what 
other types should be so protected, with the recon- 
mended priorities, we shall go on setting aside re- 
serves in hit-or-miss fashion, duplicating some exces- 
sively and overlooking others until it is too late. 


Henry I. Baupwin 
New HAMPSHIRE FORESTRY AND RECREATION 
DEPARTMENT, 
HILLSBORO 


LEADING NATIONS IN SCIENCE AND THE 
NOBEL PRIZE 


In Scrence Brill’ has recently presented results of 
calculations applied to the Nobel Prize awards in s¢i- 
ence and has given tables comparing all winning 
nations on a basis of population and the number of 
winners for each. Four small countries of Europe, 
namely, Switzerland, Denmark, Holland and Sweden, 
had the largest ratio of winners to the population. 
This conclusion is simple and irrefutable. However, 


4Anon., SCIENCE, 92: 347-348, 1940. 

5V. E. Shelford, editor, ‘‘ Naturalists’ Guide to the 
Amerieas.’’ 761 pp. Baltimore, 1926. 

* Since the preparation of this note the writer has bee? 
informed that the Committee on Preservation of Nat 
Conditions of the Ecological Society of America is com 
piling such an inventory. 

1 SCIENCE, 92: 2388, 310-311, 1940. 
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of experimental science. 
Darwin would not be eligible to-day, although the 
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Professor Brill further says in his concluding para- 
graph, “The true leaders in the sciences now appear 
since the smaller countries are no longer handicapped 
by their small populations.” A statement qualified by 
the remark that leadership in science is shown, as far as 
it can be determined on a basis of Nobel Prize winnings 
and population alone, would be acceptable. As it 
stands, the conclusion goes beyond the scope of the 
data. There is an implication of qualitative excellence 
in science for the small nations, which has not been 
demonstrated. A eomparison of the qualitative ex- 
eellence of small and large countries in scientific effort 
and “production” would necessitate consideration of 
so many factors that the problem would become similar 
to that of comparing the economy of a large and small 


Bnation, a well-near or completely impossible task. 


The Nobel Prize covers only part of science. Some 
workers who are veritable architects of the structure 
are never considered because they are outside the field 
The great Linnaeus or even 


4 effect of the latter’s doctrines probably transcends any 


: other influence on human thought advanced since the 
Mmbeginning of Christianity. Sir John Murray, co- 
: @efather of oceanography with Mathew Maury, would 


10t have been eligible. Henry Fairfield Osborn once 


: said of Cope that he probably had a greater grasp 
Sof vertebrate zoology than any man that ever lived. 


evertheless, Cope could not have won the Nobel Prize. 
t is not necessary to go to years before the prize for 
examples. The vast panoramic story of the genealogy 


fof the elephants and other related animals, unfolded by 


MOsborn, did not gain for him the Nobel Prize, though 
mccrtainly he would have been a grace to any body of 


Johan Hjort, the Norwegian, was not 


a ligible, notwithstanding the fact that he is often 


eferred to as the founder of modern fisheries biology, 
a subject of vast economic importance. A great ex- 


Mplorer is a scientist as much as any other in the field. 
me orway had Amundsen, but no Nobel Prizes. Geolo- 


pists, explorers, engineers, oceanographers, meteorolo- 
4 ists, many biologists, the social scientists and even 
mathematics are not considered by the Nobel 


we "ze committee. It is not my purpose to even faintly 


nsinuate that there is an injustice in this situation, 
or there is none. Nobel had every right to define the 


melds for his awards, and he was probably wise in 
me Parating and limiting them as he did. 


Due to their size and area alone, large countries are 


4 Prone to have proportionately more than small coun- 
me's of exploring and field expeditions, geologists, 


oresters, students of conservation and a greater va- 
lety of students of the various greater variety of 


: Plant and animal groups, to mention a few. Such 


@’orkers must all be considered in evaluating the lead- 
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ership of a nation in science. The five greatest na- 
tural history museums in the world are in the United 
States, England and France. These matters, too, 
should bear weight in the judging of such leadership. 

It is interesting that the top six nations in Professor 
Brill’s Table I, including Germany and Britain, have 
not been ravaged by war at home, prior to 1940, since 
the time of Napoleon; whereas France and Belgium, 
lower on the list, but close neighbors of the winner 
nations, have been called the cockpits of Europe. The 
top four nations have not been at war, except for a 
slight altercation between Holland and the Sultan of 
Sumatra, since Germany fought Denmark over Schles- 
wig-Holstein in 1864. Germany and Britain have 
supported large war machines during the time con- 
sidered, 1901 to 1939, and Germany has suffered a 
great defeat. In spite of this handicap her rank is 
fairly high. Would Germany be the leader had she 
been at peace? War and peace certainly have some- 
thing to do with the question under discussion, but 
these factors could legitimately be considered as par- 
tial causes for the superiority of the small nations and 
not merely handicaps of those affected adversely. 

It is also interesting to note the clustering of the 
prize winners in northern, Teutonic or semi-Teuionic, 
Europe. Accepting these tables as partial indicators 
of leadership in science, it is clear that things have 
changed since the days when the “Noble Romans” of 
post-medieval Italy gave the renaissance of learning 
and art its initial push. At that time the “Aryans” 
to the north were busy with other matters, but eventu- 
ally the influence spread to them and even to the “sub- 
human Slavs,” in the person of Copernicus and others. 
It is clear in the long view that no claims for racial 
superiority are due, regardless of how well proven a 
momentary national superiority in science is. 

In conclusion, the leadership or qualitative excel- 
lence of a nation in the field of science is dependent on 
many things, and it can not be determined solely by 
considering the relationship of Nobel Prizes to the 
population. Nobel Prizes are partial indicators of 
scientific leadership, but their use as a complete mea- 
sure is unwarranted. | 

Professor Brill’s tables brought out several interest- 
ing and significant facts not mentioned here. It has 
been my wish to clarify one question raised and not to 
detract from his worthy findings. 
GoRDON GUNTER 
GAME, FISH AND OYSTER COMMISSION, 

Rockport, TEXAS 


FESTSCHRIFT OF PROFESSOR EMBRIK 
STRAND 
AN outstanding contribution to zoological literature 
is the publication of a Festschrift by the University 
of Latvia in honor of Professor Dr. Embrik Strand 
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on his sixtieth birthday. This Festschrift is in more 
than one way a record-work within the zoological 
literature in that it contains contributions from a 
larger number of coworkers than is usually the case 
in such special publications, that these contributions 
come from all parts of the world, that they represent 
a larger number of zoological fields than in any other 
zoological festschrift, and that it does not contain the 
works of the beginner, but only works of already well- 
known scientists. Without doubt, it will be a pleasure 
to all American biologists to read about this monu- 
mental publication, and a number of them, indeed, 
may be eager to obtain a set for their departments’ 


libraries, at least. 
The following scientists have contributed one or 


more papers: 


de Mello-Leitéo (Rio de Janeiro), Michaelsen (Ham- 
burg), Spassky (Nowotscherkassk, U.S.8.R.), Birula 
(Leningrad), Roubal (Bansk&é Bystrica, C.S.R.), von 
Boetticher (Coburg), Bakalov (Sofia), Szalai (Buda- 
pest), v. Kolosvary and Szalai (Budapest), Obenberger 
(Praha), Monti (Milano), v. Kolosvary (Budapest), 
Kratochvil (Brunn), Spaeth (Wien), Rosca (Cernauti, 
Rumania), Lallemand (Uccle, Belgium), Allgén (J6n- 
képing, Sweden), Breuning (Wien), di Caporiacco 
(Firenze), Boschema (Leiden), Oudemans (Arnhem), 
Hrabe (Brno), Verity (Firenze), Balthasar (Bratislava), 
Hoffer (Brno), Spatek (Trautenau), Knowlton and 
Smith (Logan, Utah), Esaki (Fukuoka, Japan), Yasu- 
matsu and Okabe (Fukuoka), Yasumatsu (Fukuoka) and 
Maidl (Wien), Fletcher (Rodborough, England), Paulian 
(Paris), d’Almeida (Rio de Janeiro), Arlé (Rio de 
Janeiro), Kéno (Sapporo, Japan), Mareu (Cernauti), 
Strauhal (Wien), Silvestri (Napoli), Thienemann (Plon, 
Holstein), Tian-Shanskij and Bogatshev (Leningrad), 
Popov (Leningrad), Ochs (Frankfurt a. M.), Uhmann 
(Stollberg), Obraztsov (Kijev), Rotarides (Budapest), 
Crosby and Bishop (Ithaca), Cros (Algérie), Mottl 


QUOTATIONS 


SCIENTIFIC SOCIETIES IN WAR TIME? 


In times of peace London is unquestionably the 
focus of the scientific life of the British nation and 
Commonwealth. The reason is not that London is the 
seat of the metropolitan university, though this, by 
its system of external degrees, is also in a special sense 
the central university of the Empire; moreover, it en- 
folds within itself many special institutions, like the 
Schools of Economies and of Hygiene and Tropical 
Medicine, which are themselves imperial centers for 
special branches of science. Nor is it that London is 
the seat of the chief national scientific departments, 
like that of Scientific and Industrial Research, or the 


1 From Nature. 
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(Budapest), Blauvelt (Ithaca), Werner (Wien), Beri 
(Genova), Heberdey (Graz), Lenz (Plén), Beier (Wien), 
Millot (Paris), Sheljuzhko (Kijev), André (Paris) 
Husiatinschi (Cernauti), Goecke (Krefeld), Wagne 
(Budapest), Augener (Hamburg), Gregor (Brno, C.S.R,), 
I. Szab6 (Budapest), M. Szab6 and I. Szab6 (Bud. 
pest), Sieber (Wien), Ermolajev (Orel, U.S.S.R.), 
(Dresden), Zavattari (Roma), Miller (Zilina, 
Whitley (Sydney), Turati (Milano), Polimanti 
rugia), Thomas (Bruxelles), Zirngiebl (Leistadt, Saar. [i 
falz), Danilowitsch (Kiew), Denis (Douchy, France) 0 
Renouf (Cork, Ireland), J. E. W. Ihle and M. 5 Bm 
Thle-Landenberg (Amsterdam), Mayer [Brno (Brim) 
C.8.R.], Pittioni (Wien), Redikorzey (Leningrad) 
Charitonov (Perm, U.S.S.R.), Petrusewiez (Wiln 
Poche (Wien), Liebke (Hamburg), Teyrovsky (Brno), fame 
(Hofrat, Wien), Plavilstshikov (Moskau), Gerasimov 
(Leningrad), Schlesch (Kopenhagen), Husiatinschi (Cer. fam 
nauti), Kormos (Budapest), Hofeneder (Innsbruck), 
Masi (Genova), Schenkel (Basel), Iredale (Sydney), im 
Holik (Prag), Ferreira et Perez (Porto, Portugal) [9 
Mariani (Palermo), Nomura (Fukuoka, Japan), Niepet Jae 
(Zirlau, Germany), Schultz (Lippe, Germany), Szcxt fe 
Ivény (Budapest), Wnukowsky (Nikolaew, U.S.S.2), 
Poche (Wien), Liebke (Hamburg), Teyrovsky (Brno), Dae 
Kaszab (Budapest), Sivickis (Kaunas), Molitor (Perc 
toldsdorf/Wien), Balogh (Budapest), Neu (Istanbul), 0 
Clément (Innsbruck), Drensky (Sofia), (Buda 
pest), Kleiner (Budapest), Papp (Debrecen, Ungar), 
Hajéss (Budapest), Auber (Wien), Holm (Uppsala), Pmmti 
Czerny (Kremsmiinster), Yasumatsu (Fukuoka), Vasviri Fie 
(Budapest), and Bernhauer (Horn, Nieder Osterreich). a 


The Festschrift consists of 5 volumes of about 3,35) [a 
pages; it contains 194 contributions of 130 worker, Fe 
98 plates, 687 text-figures, many tables and ove BM 
2,000 citations. Surely this “Festschrift” is a library J 
which not only every young zoologist, but even olde & 
professional biologists may study with profit. 

H. P. K. 


CENTRALIA, ILL. 


Medical and Agricultural Research Councils. Londo 
had attained its position as the national scientific ce J 
ter long before these modern bodies had been const: Fi 
tuted, and before the University of London had cont By 
to be comparable, in size and influence, with the olde By 
Universities of Oxford and Cambridge (though as! B® 
center of medical teaching London had long been pt’ Bi 
eminent). During two centuries and more in whid I 
the venerable sister universities were still unrivale I 
except by each other, as centers of learning and ' Bm . 
search, their scientific members found a common met 
ing ground in London, in the rooms of the Royal Sv B® 
ciety: and during the nineteenth century London b¢ & 
came the center also of many more specialized scie™ 
tifie societies. 
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The relatively small size of the British Isles, and 
he excellence of their railway communications, make 
st conveniently possible for those who follow any spe- 
‘al branch of seience to come together, from all parts 
f Great Britain, to meet in London several times 
early. In this respect British men of science have 
an advantage not enjoyed by their colleagues in 
vreater and more widespread communities like those 
f the Dominions, the United States, the U.S.S.R. or 
ven Germany. In these countries regional centers 


Mehave consequently developed, and national meetings 


end to be annual and peripatetic, like those of the 
ritish Association. Such regional centers flourished 
also in Great Britain in the days before speedy travel 
ecame possible, but except in Dublin and Edinburgh 
they seldom attained the distinction of some of the 


Meprincipal academies of Germany, and with few excep- 


Mitions they have declined since the days, for example, 
Mewhen Dalton was the glory of the Manchester Literary 
Seeand Philosophieal Society. Some of the chief British 
“technical scientific societies, however, have in modern 
3 i times developed valuable regional activities, in centers 


vhere meetings are held in addition to those at their 


main headquarters in London. 


While the present war was still only a threatening 


4 possibility, the controlling bodies of some of the na- 
scientific societies tried to prepare for future 
Meeventualities by arranging for the transfer of their 


‘[i@offices from London, the safeguarding of their most 


4q cherished property and alternative arrangements for 
Mp reetings, in case the expected Blitzkrieg on London 
Seprecame a reality. On the outbreak of the war, some 


f these plans were earried out; in other cases the 


Mecouncils of the scientific societies met to consider 


Mv hether or not their pre-arranged series of meetings 


Mshould be held. There were pessimists who thought it 
mould be useless and undesirable to hold meetings, 
Map >ecause of the absence, or absorption in war work, of 
many members, including some of the leading person- 
@elities. But in the main such counsels were not fol- 
owed, and many societies held their meetings as usual 
Pe troughout the session, from October or November 
| 7 untii June, during the unexpectedly prolonged immu- 

ity of London from aerial attack. Towards the end 
ee the 1939-1940 session, some of the societies re- 
ie ‘red partly to their pre-war condition, by the return 
df of their offices and staff to London, or by the partial 
ee pening of their premises or library. Even through 


he dark days of the overrunning of Norway, Den- 
nark, Holland and Belgium, followed by the ominous 


m'sns of weakness that preceded the collapse of France, 
p'tch of the scientific life of London was maintained. 


t the beginning of the summer recess there seemed 
ope that if the threatened invasion were forestalled 


a ‘epelled, the autumn might see a resumption of 
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London scientific meetings, little changed except for 
some decline in the numbers of those attending and 
of the papers presented. 

In August, however, the long-postponed air attack 
fell upon London, and before the usual date of reas- 
sembly of the scientific societies, daily and nightly 
raids became a regular feature of London life. The 
question of the continuance of meetings has now ac- 
quired a more serious and perhaps controversial 
aspect in the new circumstances. Not only has the 
“bhlack-out” assumed if anything a deeper tinge than 
before, but also interruption and dislocation of road 
and rail transport has been caused from time to time 
by the enemy bombing. Especially after darkness 
has fallen and night raids have begun, travel is diffi- 
cult and unpleasant, and late afternoon meetings, 
which in winter fall during the hours of darkness, are 
for this reason likely to attract few attenders. Still 
less likely is it that members would continue to stay to 
club dinners after such meetings, though in peace- 
time such dinners form a useful and pleasant supple- 
ment to the formal gatherings of the scientific societies. 

The safest course would naturally be to discontinue 
meeting at all, at least during the darkest months of 
the winter. As a set-off against such a lapse in the 
ordinary activity of the societies, the sessions might 
be prolonged into what is in normal times the summer 
vacation, but which in these years of shortened or sus- 
pended holidays would be fully appropriate for scien- 
tifie meetings. Some societies have already suspended 
their usual winter meetings, with or without an indica- 
tion of the expected date of their resumption. 

Others, bolder and (in the judgment of some) more 
admirable, are continuing to meet in London, either as 
usual or at an earlier hour, so that the meeting may be 
concluded before nightfall. In some quarters the 
holding of the regular meetings outside London has 
been considered, but except where societies have de- 
veloped regional activities and centers in peace-time, 
it seems unlikely that such meetings would be so suc- 
cessful as afternoon meetings in London would be; 
this is partly because it remains much easier to travel 
to than any other center, from places more than a few 


miles away, and partly because London and the sur-. 


rounding counties still contain the largest number of 
potential visitors to scientific meetings. To those who 
live at a distance, in regions that have not suffered 
serious air attacks, it may seem to be merely foolish 
bravado to propose that scientific men should fore- 
gather in London; it should be remembered, however, 
that the millions of people who continue to inhabit the 
London area include many who would welcome scien- 
tifie meetings not Tess than in peace-time, and who 
would feel no more in danger at such meetings than 
in any of the other places, of work or dwelling or 
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recreation, which they frequent. This is perhaps in- 
sufficiently considered by some council members of 
scientific societies who, for whatever reasons, being 
unable or not wishing themselves to take part in such 
meetings, lend their influence to abandonment or post- 
ponement. 

A more fundamental objection to the continuance 
or resumption of the winter scientific program is 
raised in some quarters, as it was also in the War of 
1914-18, that scientific meetings are intrinsically un- 
justifiable in war-time, being a misuse of hours that 
ought to be devoted to definite war work. This view 
ignores the fact that there are still many scientific 
workers, capable of helping to overcome our enemies, 
and anxious to be thus used, whose services have not 
been called upon, or have even been declined when 
offered. But even as regards those whose time is 
actively occupied in scientific war work, the criticism 
seems unanswerable. Neither manual nor intellectual 
workers can work all their waking hours; some leisure 
and refreshment of mind are necessary to enable a 
man to do his best work; and the solution of a press- 
ing war problem may be facilitated, not retarded, by 
a break in the routine hours of labor, and by meeting 
with colleagues who share similar peace-time scientific 
interests, whether or not they are likewise now en- 
gaged in war service. 

Almost all the general arguments that justify the 
expenditure of time and travel involved in attendance 
at scientific meetings in peace-time remain valid also 
in war-time. Just as a Christian finds no less need 


REPORTS 


THE SOYBEAN CROP IN THE UNITED 
STATES 

PRODUCTION and processing of the soybean in the 
United States has grown to a nuulti-million-dollar in- 
dustry. To-day a ubiquitous plant, the soybean is 
useful as food for human consumption, feed for live 
stock and in manufacture of many useful goods. As a 
component in scores of manufactured products such 
as paints, soap, plastics, linoleum and waterproof ma- 
terials, the soybean has gained an important place in 
the American industrial scene. 

Forty-seven U. §S. manufacturing establishments 
last year were engaged primarily in the production of 
soybean oil, cake and meal, according to the 1939 Cen- 
sus of Manufactures. In 1937, only 26 establishments 
were reported in this industry. The value of products 
of the soybean processing industry was $43,946,647, 
manufacturers reported to the Census Bureau, com- 
pared with the 1937 figure of $24,312,433, an increase 
of 80.8 per cent. The factories covered in the 1939 
report gave employment to 1,481 wage-earners, who 
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now than in normal days to assemble in church yith | 
his fellow worshippers, so the man of science stij 
needs to maintain his contacts with fellow workey 
and with scientific progress outside his own specia| 
activity. War is not exclusively a matter of the or. [am | 
ganization and execution of material defense and a. 
tack; the mind no less than the body and the spiri 
must be kept in sound condition in order to continy 
to develop these material measures. 

The officers of scientific societies, however, doubtles 
find other obstacles to meeting than those of risk anj 
travel difficulties. The work of scientific technician; 
is now largely directed to war problems the solution 
of which must for the present be kept secret; and s 
many workers in pure science are now drafted into the 
technical defense services that the output of pur & 
research which can be safely published in war-time 
is much reduced. These factors are in one way a help 
to societies, in reducing the pressure on their resources Fy 
of money (and of paper) for publications; but unles Fi 
the societies are to fall into a state of suspended an. FJ 
mation that may seriously prejudice their future r 4 
vival, some degree of publication must be continued. By 
The volume and perhaps even the standard of the : 
papers published and read may be somewhat reduced, 
but the sources are scarcely likely to dry up entirely; [J 
and a shortage of papers for reading at meetings ca J 
be eeked out partly by a moderate reduction in the 
length of the meetings, and also by arranging discus FR 
sions, a course which has been so successfully followei BR 
by the Royal Society in recent years. ? 
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drew wages amounting to $1,889,457 and to salarie By 
personnel numbering 199 who drew $663,469 in si I 
aries. 4 
The soybean first was introduced to American farm Bq 
ers in 1898. In 1909, the Census of Agriculutre By 
shows, this country produced only 16,835 bushels of Iq 
soybeans. Cultivation was reported on 339 farms. [RR 

Twenty-five years later, in 1934, according to tht 
latest available figures from the Census of Agrici: I 
ture, the output had soared to 23,014,703 bushels 
grown on 148,124 farms, and accounted for more that 
$25,000,000 cash income for farmers. A considerabl 
part of this inerease of more than a thousand-foll 
took place during the depression years, for produt 
tion was only 8,661,188 bushels in 1929. In addition 
the value of the crop used for livestock feed amount 
to many millions of dollars more. According to the 
Department of Agriculture, the cash farm incom 
from soybeans in 1937 was $28,030,000 and by 19% 
it had risen to $31,933,000. 

Soybean oil made from this Oriental immigrant " 
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our farms is used primarily in shortening and oleo- 
margarine. Of the 369,760,000 pounds of soybean oil 
consumed in American factories during 1939, census 
reports show that 201,599,000 pounds were used in 
the manufacture of shortening. Another 70,822,000 
pounds became an ingredient of oleomargarine. 

The oil also is used in manufacturing candles, cellu- 
loid, core oil, disinfectants, electrical insulation, 
enamels, fuel, glycerin, insecticides, linoleum, lubri- 
eants, oilcloth, paints, printing ink, rubber substitutes, 
varnish, waterproof goods and food products such as 
butter substitutes, cooking oil, lard substitutes and 
salad oils and medicinal oil. 

Lecithin is derived from soybean oil and is used as 
an emulsifier and in the manufacture of candies, choco- 
late, cocoa, margarine, medicines and in dyeing of 


: textiles. (Egg yolk was the chief source before.) 


Dried soybean flour is used in baked products, 
breakfast foods, candies, diabetic foods, health drinks, 
ice-cream cones, ice-cream powder, infant foods, 
macaroni products and as filler in meat products. 

Soy sauce and sprouts are produced from dried 

beans. 
Vegetable milk derived from dried soybeans is con- 
verted into casein, which is used in paints, size for 
paper, textile dressing and waterproofing. The meal 
is used for foods, fertilizers and manufacture of glue 
and celiuloid substitutes. 
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More than a hundred named varieties of soybeans 
are grown in the United States, according to the De- 
partment of Agriculture. The cultivated soybean is 
derived from a variety which grows wild in eastern 
Asia. 

The first record of the plant is in the writings of 
Emperor Shang Nung of China in 2838 B.c. In Chi- 
nese mythology, it was first planted by Hou Tsi, one 
of the Chinese gods of agriculture, and has for cen- 
turies ranked as one of the five sacred grains neces- 
sary to Chinese civilization—perhaps one of the oldest 
crops grown by man. 

Europe knew of soybeans in the seventeenth cen- 
tury, and they were tried in Germany, England, France 
and Hungary, but were not commercially important 
until recent years. In 1898, the U. S. Department of 
Agriculture began introducing soybeans on a consid- 
erable scale. 

In the United States, the soybean is grown chiefly in 
the cornbelt states. Illinois, Indiana, Iowa, Missouri 
and Ohio lead. Manchuria is the biggest soybean pro- 
ducer in the world. Chosen, Japan and South China 
rank high, too. In the Far East, foods based on the 
soybean supply the protein which is obtained from 
meats in the diet of western people. 

A. W. von StRvvE 


BUREAU OF THE CENSUS, 
WASHINGTON, D. C. 


SPECIAL ARTICLES 


RED CELL VOLUME CIRCULATING AND 
TOTAL AS DETERMINED BY RADIO 
IRON 

RADIOACTIVE iron ean be given to the anemic dog by 
mouth or by vein, and by its use we have recorded a 
rapid construction of new hemoglobin which contains 
the radio-iron within the newly formed red cells.’ * 4 
These red cells are now marked or labelled by the iso- 
tope and do not give up this iron until the cell breaks 


: j up.” During the long life of these red cells labelled 
mm With radio-iron, they can be used to determine the cir- 


culating mass of red cells in another dog whose own 
cells contain none of the isotope. The red cells con- 
taining the radio-iron are given by vein to the dog un- 
der study and the degree of dilution noted after vary- 
ing periods allowed for mixing of the ordinary and 
labelled red eélls (Table I). It is significant that the 
red cell mass in cireulation determined by this method 


'P. F. Hahn, W. F. Bale, E. O. Lawrence and G. H. 
Whipple, Jour, Exp. Med., 69: 739, 1939. 

+P. ¥, Hahn, W. F. Bale, J. F. Ross, R. A. Hettig and 
G. Whipple, Sctencr, 92: 131, 1940. 
ot: F: Hahn, J. F. Ross, W. F. Bale and G. H. Whipple, 

our. Exp. Med., 71: 731, 1940. 


*L. L. Miller and P. F. Hahn, Jour. Biol. Chem., 134: 
585, 1940 


averages about 75 per cent. of the value as computed 
by the jugular hematocrit from the plasma volume 
(dye method). 

It is now generally admitted that the dye methods, 
when properly done, give plasma volume determina- 
tions which are accurate, usually within an error of 5 
per cent. Jugular hematocrits in the normal adult 
dog are usually about 50 per cent. If the plasma 
volume is about 4.8-5.0 per cent. of the body weight, 
then the calculated red cell volume is obviously the 
same, if one assumes a uniform mixing of red cells 
with plasma throughout the cireulatory tree. It was 
pointed out many years ago® that in the capillaries and 
arterioles there is much more plasma than red cells— 
the “axial stream” in small arterioles and venules, and 
the “still space” in small vessels and eapillaries. By 
means of dye (plasma volume) and carbon monoxide 
(hemoglobin volume) and Welker method (hemo- 
globin volume) done in the same dog,® it was con- 
cluded that the plasma volume was 4.8-5.0 per cent. 
of the body weight and the red cell mass 3.8-4.0 per 
cent. of the body weight. These values are in har- 


5H. P. Smith, H. R. Arnold and G. H. Whipple, Am. 
Jour. Physiol., 56: 336, 1921. 
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mony with those tabulated below in Table I, in which 
we believe there is increased accuracy and great con- 
venience for repetition. 

Table I shows data from normal dogs except for one 
anemic (39-299) and one splenectomized (39-194). 
It is significant that the red cell volume as measured 
by dilution of the injected labelled red cells is almost 
the same after ten minutes as after one to three days. 
Average differences between these two values amount 
to only 3 per cent., and one hesitates to attach real 
significance to variations within 5 per cent. This 
would indicate that in the usual healthy dog the num- 
ber of immobilized red cells in marrow, spleen and 
other vascular spaces does not exceed 10 per cent. of 
the circulating mass and may be considerably less. 

It has been recognized that the true body hematocrit 
is always definitely below the jugular hematocrit, but 
this has always been a theoretical figure. If we divide 
the determined circulating red cell volume by the sum 
of it and the determined plasma volume, we arrive at 
a value for the average body hemotocrit. It can be 
seen in Table I that this is always lower than the 
hematocrit in the jugular blood, and sometimes con- 
siderably so. It follows that the mean hematocrit of 
the capillaries, arterioles and venules must be de- 
cidedly lower than the average body hematocrit shown 
in Table I. 

The last column gives the ratio of the true cireula- 
ting red cell volume and the red cell volume caleulated 


TABLE I 
COMPARISON OF CIRCULATING AND ToTtaL Rep BLoop CELL VOLUMES DETERMINED DIRECTLY AND INDIRECTLY 
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made on shock, polycythemia, circulatory failure anj 
other abnormal states. f 
P. F. Hann 
W. M. BatFour 
J. F. Ross 
W. F. Bate 
G. H. 

ScHOOL OF MEDICINE AND DENTISTRY, 

UNIVERSITY OF ROCHESTER a 
THE TURNOVER OF ACID-SOLUBLE PHOs. 
PHORUS IN THE KIDNEYS OF RATS 

THE mechanism whereby phlorhizin blocks the re. 
absorption of glucose by the renal tubules is still 
unknown. ‘The hypothesis that this effect is due to 
an inhibition of the phosphorylating mechanism in the 
kidney! was not supported by later studies.?* In 
order to investigate the possible connection between 
the phosphorus metabolism of the kidney and the 
mechanism of glucose reabsorption, the influence of 
phlorhizin on the exchange of phosphorus in the kid- 
ney, using radioactive phosphorus (P*?) as an ind- 
cator, was studied. 

If the reabsorption of glucose in the kidney tubule 
is dependent upon some phosphorylating mechanism, 
then the formation and breakdown of organic phos F¥ 
phorus compounds must oceur at a rapid rate. Hence FF 
if phlorhizin exerts its effect upon glucose reabsorption [a 
by inhibiting the phosphorylating mechanisms, the rate [9 
of phosphorus exchange should be diminished. i 3 


Red blood cell volume Red cell 


by radio-iron volume Plasma Hemo- Jugular Body Ratio 
Dog calculated volume Wet. lobin hemato- hemato- red cell 
Circulating Total from plasma by dye evel crit crit volumes? 
10 min. 1-3 days volume 
kg gm % % % 
36-196 290 280 365 565 12.6 14.5 39° 34 0.79 
39-307 445 405 500 480 13.5 19.9 51 48 0.89 
39-144 255 250 400 485 8.0 15.5 45 34 0.64 
39-193 585 680 905 890 17.0 21.5 50 40 0.65 
39-88 465 515 615 520 15.0 21.6 54 47 0.76 
39-194* 375 nee 490 720 17.1 14.6 40 34 0.77 
40-149 380 (340) 425 525 10.7 15.1 45 42 0.89 
39-299 155 180 170 645 14.5 6.1 21 19 0.91 
Averages 370 380 485 605 0.79 


* Splenectomized dog. 
termination later for computation of total red cell volume. 


Ratio of red cell volume determined by radio-iron to red cell volume calculated from plasma Gye volume and jugular 


hematocrit. 


from the plasma volume and jugular hematocrit. The 
average value of this ratio is 0.77, which means an 
inherent error of about 25 per cent. in red cell volumes 
values calculated from the plasma volume. 

It is obvious that this method can be used to study 
human physiology, normal and abnormal. One must 
have a suitable donor with a large mass of red cells 
containing radio-iron. This perhaps is not an easy 
specification, but given a supply of red cells labelled 
with radio-iron some interesting observations could be 


Probable Bartonella infection which caused destruction of injected cells and did not allow a de 


To test such premises, rats were given intravenous 
injections of phlorhizin dissolved in 0.1 N NaOH. 
Fifteen minutes later a solution containing radioactiv! 
phosphorus* in the form of sodium phosphate wi 
injected subcutaneously. Thirty minutes later the aur 

1 E. Lundsgaard, Biochem. Zeits., 264: 209, 1933. 

2 E. Lundsgaard, Skand. Arch. Physiol., 72: 265, 1938. 


3A, M. Walker and C. L. Hudson, Am. Jour. Physiol 
118: 130, 1937. 

4 For the supply of radioactive P we are indebted 
Dr. L. A. DuBridge and Dr. 8. N. Van Voorhis, of th 
Department of Physics, University of Rochester. 
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' mals were sacrificed and the kidneys were removed and 
frozen in a earbon dioxide-ether mixture. The frozen 
M kidneys then were powdered and extracted with tri- 
Me -hloroacetie acid, and aliquots of the extract were 
for determination of the phosphorus fractions. 
Me The radioactivity of the various fractions was mea- 
Ge ured by means of a Geiger-Miiller counter (designed 
Se by Dr. W. F.-Bale, University of Rochester). The 
® activity of the phosphorus compounds was determined 
™ likewise in.a control group of animals, treated in an 
Wdentical manner except that sodium bicarbonate in- 
stead of phlorhizin was injected intravenously. 
| In the kidneys of the phlorhizinized rats the turn- 
. over of the pyrophosphate fraction (that hydrolyzed 
iin 7 minutes by N acid) was found to be decreased. 
: 4 This was determined by comparing, per mg of P, the 
Weradioactivity of the pyrophosphate fraction with that 
"of the inorganic phosphorus. The other fractions of 
Mthe acid-soluble phosphorus determined apparently 
M@ewere not affected. In a control group of 9 animals 
Mathe pyrophosphate fraction in the kidney displayed 
Weradioactivity which was 70 per cent. of that of the 
Mainorganic phosphorus in the kidney. In the group of 
89 phlorhizinized rats, the radioactivity of the pyro- 
Mphosphate fraction was only 33 per cent. of that of 
@ethe inorganic phosphorus. Thus, the turnover of the 
"@epyrophosphate fraction in the kidneys appears to be 
"weless in the phlorhizinized animal than in the normal 
Weevimal, indicating that phlorhizin exerts in vivo an 
Mepxhibitory effect on some phases of the phosphorylat- 
F| ing mechanisms of the kidney. 
mm ‘hese findings can not be regarded as conclusive 
Pemevidence that the blocking of glucose reabsorption is 
Hggcue to an inhibition of phosphorylating processes in 
| Bathe kidney. All that can be stated at the present time 
Ws that the inhibition of glucose reabsorption in the 
Suexidney coincides with a decrease in the turnover of 
Meone fraction of the acid-soluble phosphorus. Studies 
mre now in progress to determine whether a more 
; F lefinite correlation between the two phenomena does 
arexist. 


S. Rapoport 
Norton NELSON 

GrorcE M. GuEST 
' I. ArtHur Mirsky 


4 THE CHILDREN’s HosPITAL RESEARCH 
§ FOUNDATION, UNIVERSITY OF CINCINNATI, 
.§ ‘ AND THE MAy INSTITUTE FOR MEDICAL 
RESEARCH OF THE JEWISH HOsPITAL, 
CINCINNATI 


AN INVERSE DISTANCE VARIATION FOR 
CERTAIN SOCIAL INFLUENCES 
l. Tue GrograpHican DisTrRIBUTION oF COLLEGE 
UNDERGRADUATES 


: Tuts study began with an examination of the geo- 
Taphical clustering around the alma mater of the 
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residences of undergraduates in recent classes at 
Princeton and Harvard, and of alumni of Harvard, 
Princeton, Vassar and Yale. The examination uncov- 
ered a remarkable inverse distance “law” or statistical 
regularity. The number of undergraduates or alumni 
of a given college who reside in a given area is directly 
proportional to the total population of that area and 
inversely proportional to the distance from the college. 

This rule holds with reasonable closeness as far as 
Texas for the four colleges studied. The 11 Rocky 
Mountain and Pacific Coast states, however, are repre- 
sented by about half a dozen times more alumni, and 
two or three times more undergraduates, than the trend 
with distance “entitles” them to.” 

I define the “potential” of the population of a given 
area, at a given point, as the population of the area, 
in millions, divided by the average distance, in miles, 
from the point to the area. Evidently the above “law” 
is equivalent to the statement that the contribution of 
a given state to the quota of undergraduates (or 
alumni) of a given college is proportional to the 
state’s “potential” at the college town. 

For particular purposes the “potential” of a special 
group of the state’s total inhabitants may be used. 
Thus for eight recent consecutive undergraduate 
classes at Princeton the accumulated percentage of 
undergraduates, p, who have residences closer to 
Princeton than a given radius is well represented, in 
percentage points, by* 

p=7.3+482U (1) 


Here U is the accumulated “potential” out to any 
given radius of the native white male populations, state 
by state, in the order of increasing distance (Table 1) : 


TABLE 1 


COMPARISON OF NATIVE WHITE MALE “POTENTIALS” WITH 
THE GEOGRAPHICAL DISTRIBUTION OF THE RESIDENCES 
OF PRINCETON UNDERGRADUATES 


Actual 
Accumu- 
percentage 
Distance tated of under- Computed percentage 
from graduates pe of total 
millions/ graduates Population 
miles mile radii 
95 (N.Y.) . 0.085 48 48 17 
150 (Md.) . .130 70 70 31 
380 (N.C.) . .149 78 79 45 
515 (Mich.) 160 83 84 58 
950 (Mo.) . 177 $3 93 70 
1,500 (Tex.) . 185 97 97 90 


1 The Princeton Alumni Weekly, 40: 409-410, February 
9, 1940. 

2 Four Princeton undergraduates assisted in the exami- 
nation of alumni distribution: C. D. MacCracken, Philip 
Wilkie, M. 8S. Dillon, R. B. Snowden. A somewhat more 
detailed discussion of this distribution will appear in the 
Bulletin of the American Association of University Pro- 
fessors. 

3 Theoretically p should reduce to zero for U zero. 
However, the average distances when small can be found 
only with considerable labor. Furthermore, beyond Texas 
the rule breaks down. It is fair therefore to adjust, as 


in (1), for the intermediate range of 1,400 miles. 
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2. AN “EQUIPOTENTIAL” Map For THE TOTAL POPULA- 
LATION OF THE UNITED STATES 


Encouraged by this success I constructed an “equi- 
potential” map of the United States, using total census 
populations of 1930. The country was divided arbi- 
trarily into twenty-four districts and the population 
of each district, as regards the “potential” elsewhere, 
was assumed concentrated at some particular point 
within the district. The 24 x 23 distances between the 
districts were scaled off in miles and divided into the 
population in millions. 

Each district’s “potential” on itself was determined 
by a suitable approximation, and summation gave the 
total “potentials” at the 24 adopted central points. 
These were numerous enough to permit the graphing 
of “lines of equipotential.” The New York Philadel- 
phia area proves to be the peak for the entire country. 
The “potential” in New Jersey averages 0.5 millions 
per mile; thence the “potentials” fall off in general 
in all directions. Within New York City the “poten- 
tial” rises to 1.75 or so. There are many local smaller 
peaks in other large cities (Chicago and Philadelphia 
perhaps 1.1; Boston, Detroit, Pittsburgh, Cleveland, 
Baltimore, Buffalo, 0.8 to 0.7; San Francisco and Los 
Angeles, 0.5 or 0.4). These are of little consequence 
on the smoothed small-scale map. 

A ridge of relatively high but diminishing “poten- 
tial” extends westward through Pittsburgh and St. 
Louis and on, much diminished, toward Santa Fe. 
Routes of communication which have been important 
since pioneer days tend to lie, as might be expected, 
at right angles to “equipotentials.” At distances of 
1,000 miles or so from New Jersey the “equipotentials” 
tend to become circles centered near that state. There 
is, however, a slight general rise in California. At the 
extremities of Maine, Washington, Arizona and Flor- 
ida the “potential” is down to 0.10 millions per mile 
or less (not counting contributions from Mexico or 
Canada). 

From this chart I scaled off average “potentials,” V, 
for the 48 states. These are reproduced in the second 
column of Table 2, in decreasing order. 

These results are interesting in themselves, but now 
comes quantitative proof of their significance. In 
column three of Table 2 are actual densities of popu- 
lation in rural areas by states, in persons per square 
mile. These values were got by multiplying the densi- 
ties (U. S. Census of 1930), state by state, by the 
corresponding Census percentages of rural population. 
This procedure is justified even in Rhode Island, 
because the cities occupy negligible area. 

Column four gives corresponding rural densities 
computed from the formula 

D, = 425 V? (2) 
This therefore is an empirical relation between the 
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TABLE 2 
RELATION OF RURAL DENSITY TO POTENTIAL . 
” Rural Density 
State 
Actual Computed 
0.52 94 117 
48 99 98 
45 49 85 
38 43 62 
.35 52 51 
47 47 
.o2 45 45 
.00 20 39 
.29 49 35 
le .28 41 34 
.25 25 27 
ew .25 25 27 
.24 34 25 
.24 27 25 
.23 28 22 
19 14 15 
19 16 15 
19 23 15 
15 7 10 
13 10 
.14 8 9 
13 3 
12 2 
.3 
3 
was .10 4 
.08 10 
Note: The “potential” V is for the total U. S. populating 


Census of 1930, in units of millions per mile. The ruff 4 
density is in persons per square mile. Computed densitisi® 
are from the formula 425 V2. _ 


rural density at a point and the “potential,” at vim 
same point, of the whole population of the countni™ 
It represents the actual rural densities in the 37 stalé 1 
east of Colorado with a probable error of only 12 
cent. q 
The regularity (2) definitely breaks down in ti 
11 Rocky Mountain and Pacific Coast states. Thi 
failure may be ascribed in part to their large aug. 
of mountain and desert. The actual rural densi 
for states in the deep South average about 1} tim 
the computed densities. This systematic deviation i 
due to the concentration there of the Negro populatit# q 
The term “potential” of course is taken over H q 
analogy from the identical inverse-distance lav "3 
gravitation and electricity. The density of a popt! 
tion is already a standard term, and is analogous ‘0! 
surface density of mass or electric charge. Addition 
applications of the new theory merit investigation, be 4 
limitations of space prevent their discussion here. Ji 
Joun Q. 
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A STABLE TRYPSIN SOLUTION 


In connection with a new procedure developed by 
i. writer for the quantitative titration of antitrypsin 
Sm, extract of Fairchild’s trypsin is used which retains 
Mm; original activity for many months. We have 
> und no mention in the literature of a solution of 
tive trypsin having comparable stability, and there- 
re believe a description of this preparation may be 
general interest. 

The solution takes advantage of the stabilizing effect 
glycerin upon enzyme preparations’* and of the 
Meacteriostatic action of this substance, and, in addi- 
q pn, controls the hydrogen-ion concentration by a 
itable buffer. 

The stock buffer solution is a borax-borie acid mix- 
e, consisting of nine parts of M/5 borie acid, M/20 
ium chloride solution (12.4 grams H,BO, and 2.9 
ams NaCl in one liter of distilled water) and one 
Saert of M/20 borax solution (19.1 grams Na,B,O, - 10 
7.0 in one liter of distilled water), having a final pH 
le 7.3.2 To make the standard trypsin preparation, 
Ms buffer solution is mixed with an equal volume of 
q utral CP glycerin. Powdered trypsin (Fairchild 
jaos. and Foster) in the proportion of 2 per cent. by 
ight is added to the glycerin-buffer solution a little 
a time, dusting it on the surface of the liquid and 
ring with a glass rod until all lumps are broken 
The mixture is then allowed to stand at room 
mperature with frequent shaking of the flask for 15 
nutes. It is then filtered through S and S No. 588 
er paper into a sterile screw-top bottle. 

lycerin-buffer extracts prepared in this way at 
Mammicrent times from several different lots of Fair- 
@ald’s trypsin have exhibited an almost identical 
‘eeinal activity. The remarkable stabilizing effect of 
: 7 P glycerin in the solution, and other advantages of 
@eeclycerin-buffer extract over one prepared in the 
Mae way with the plain buffer solution (without 
mecerin) have been clearly demonstrated by the re- 
7 mets of repeated tests during the past four years. 
‘mee glycerinated extracts have invariably shown (1) 
lightly greater initial activity, (2) freedom from 
terial contamination, even though kept at 37° C. 
several weeks, whereas plain buffer solutions, un- 
§ a preservative was added, always became con- 
_ within a few days, and (3) a far-greater 
bility, 


Ernst Waldschmidt-Leitz (translated by R. P. Wal- 
), ‘Enzyme Actions and Properties,’’ John Wiley 
Sons, Ine., New York, 1929. 

ye Walton, Jour. Pharm. and Exp. Therap., 40: 
P Tepared according to the directions of Palitzsch, as 
—, by W. M. Clark, ‘‘The Determination of Hydrogen 
me «PP. 115, 117. Baltimore: Williams and Wilkins 
pany, 1923, 
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MsCIENTIFIC APPARATUS AND LABORATORY METHODS 


Titrations of tryptic activity have been carried out 
by the author’s film-dise method, which will be de- 
scribed in detail in a separate paper. As now con- 
ducted the method is a greatly improved and simplified 
form of a test originally developed in 1936.4 It de- 
pends upon the fact that when properly prepared 
photographie film is exposed to a series of dilutions 
of active trypsin the gelatin layer is digested in pro- 
portion to the activity of the enzyme, releasing the 
silver, so that when digestion is complete the originally 
black film becomes completely transparent. The titer 
of tryptic activity is expressed in terms of the milli- 
grams of trypsin per ce contained in the lowest dilu- 
tion which causes complete clearing of a standard- 
sized dise of film after incubation at 40° C. for from 
8 to 10 minutes. Not all lots of film digest at exactly 
the same rate, but for the freshly made and fully 
active stock trypsin solution prepared as above the 
titer is very readily established at 1.0 for any one lot 
of film by adjusting the incubation time. Usually 10 
minutes is the required time. 

Assuming that a trypsin solution having a titer of 
1.0 mg per ce in 10 minutes at 40° C. shows 100 per 
cent. activity, and one with an end-point at 3.5 mg 
per cc has zero activity (since so high a titer repre- 
sents the limit of the useful range of end-points in 
this method of titration), the percentage activity lost 
with the passage of time by trypsin solutions made or 
stored in different ways may be stated. The results 
of strictly comparable tests are summarized in Table I. 


TABLE I 


STABILITY OF TRYPSIN IN GLYCERIN-BUFFER SOLUTION AND IN 
PLAIN BUFFER SOLUTION AT PH 7.3 


Average activity 


Lots Plain Glycerin 

Temp. Time buffer buffer 
1 day 80 0 
I, U,V 37° C. 3 days 90 15 
7 days 20 

° ays 
25° C. $ 
10 days 100 5 
2 days 10 0 
Vv 6 days 20 0 
10 days 30 0 
11 mos 70 0 
10° C. 

II 3 mos. 0 
VI 9 mos. 0 
IV 1 yr. 20 
I 2 yrs 10 
II, III 3 yrs. 25 


* Based on titration by the film-dise method, considering an 
end-point of 1.0 mg of trypsin per ce as 100 per cent. activity 
and an end-point of 3.5 mg per cc as zero activity. 


4K. L. Burdon and C. Lafferty, Proc. Soc. Exp. Biol. 
and Med., 34: 787, 1936. 
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It will be seen that the glycerin-buffer trypsin solu- 
tions stored in the icebox are stable over long periods. 
By slightly increasing the incubation time for diges- 
tion (at the most by two or three minutes), the iden- 
tical end-point may be obtained for an indefinite 
period (three years at least) with a single standard 
solution of trypsin. _ 

KENNETH L. BuRDON 

LovuIsIANA STATE UNIVERSITY, 

ScHOOL OF MEDICINE 


PURIFICATION OF DIPHTHERIA 
ANTI-TOXIN 

A PROTEIN has been obtained from equine anti- 
diphtheria plasma which is highly antitoxie and which 
satisfies the criteria for a pure protein. The prepara- 
tion contains about 700,000 to 1,000,000 anti-toxin 
units per gram protein nitrogen by the Ramon floeecu- 
lation test and about. 700,000 anti-toxin units per gram 
by guinea pig protection test. This is about 20 times 
the activity of the original antisera and agrees ap- 
proximately with that reported by Pappenheimer and 
Robinson" and by Pope? for anti-toxin prepared by a 
different method. The material is completely precipi- 
tated by diphtheria toxin. 

Dr. Alexandre Rothen has examined a sample of 
the protein in the ultra-centrifuge and in the Tiselius 
electrophoresis cell. Both methods show the presence 
of only one protein at pH 7.3. A slow migration to 
the anode is observed at this pH (u-—~ 4 x 10-* em?/see. 
volt). The rate of sedimentation (S*°=5.77 x 10-**) 
indicates a figure of about 80,000 for the molecular 
weight. 
to the anode and is homogeneous. At this pH the 
material shows some aggregation in the ultra-centri- 
fuge. Salt precipitation shows that some denaturation 
oceurs at pH 8.0 and becomes marked in slightly more 
alkaline solution. 

The solubility of this sample varied slightly, how- 
ever, with different quantities of solid indicating the 
presence of more than one protein. A second more 
highly purified preparation showed constant solubility, 
independent of the quantity of solid present. The 
protein therefore satisfies the criteria for a pure pro- 
tein. 

Several samples have been obtained in the form of 
fine, poorly formed needles and thin plates. The pro- 
tein has been prepared from three different lots of 
plasma precipitated with four different lots of toxin. 

The method of preparation consists in precipitating 
the toxin anti-toxin complex. This precipitate is dis- 
solved by the addition of acid and the toxin destroyed 
by digestion with trypsin at about pH 3.7. The anti- 
toxin is then purified by fractionation with ammonium 

1A. M. Pappe 


Immunol., 32: 291, 1937. 
2C. G. Pope, Brit. Jour. Exp. Path., 19: 245, 1938. 
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At pH 8.0 the protein migrates also slowly 


nheimer, Jr., and E. 8. Robinson, Jour. 
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sulfate at pH 7.2. The purified antibody is soluble ;, 
0.50 saturated ammonium sulfate pH 7.4 and insoluble 
in 0.65 saturated ammonium sulfate. 

Twenty-five to 50 per cent. of the original antihog, 
may be recovered after the removal of the toxin. [)j, 
crude antibody has a titre of from 300,000 to 500,09) 
units per gram protein nitrogen. It exhibits only on, 
moving boundary in the electrophoresis cell, but ther 
is marked spreading and the solubility test shows this 
crude preparation to be far from homogeneous, 

The toxin and anti-toxin were furnished by th 
Biological Laboratories of E. R. Squibb and Son. 
The animal protection tests were carried out by Dr, 
W. E. Bunney, at E. R. Squibb and Sons, New Bruns. 
wick, N. J. 

JOHN H. Norrurop 

LABORATORIES OF THE ROCKEFELLER 

INSTITUTE FOR MEDICAL RESEARCH, 
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